Barr

Engineering Company

8300 Norman Center Drive
Minneapolis, MN 55437-1026
Phone: (612) 832-2600

Fax: 612) 835-0186
a (612) June 30, 1993

Mr. William Bolen

U.S. Environmental Protection Agency
Region V

Waste Management Division

IL/IN Remedial Response Branch HSRL-6J
77 West Jackson Boulevard

Chicago, IL 60604

Re: Waukegan Manufactured Gas and Coke Plant (WCP) Site
Response to Comments on the April 1993 Phase I Technical Memorandum

Dear Mr. Bolen:

On behalf of Mr. Patrick Doyle of North Shore Gas Company, we are
submitting this response to your letter of May 21, 1993, which transmitted
U.S. Environmental Protection Agency (U.S. EPA) and Illinois Environmental
Protection Agency (IEPA) comments on the April 1993 RI/FS Phase I Technical
Memorandum, Waukegan Manufactured Gas and Coke Plant Site, Waukegan, Illinois.
This letter is the complete response to the comments in your letter of May 21,
1993, and is considered to amend and modify the April 1993 Phase I Technical
Memorandum. As you stated, we will not need to republish and resubmit the
Phase I Technical Memorandum.

In addition to addressing specific comments, this letter proposes
modificationa to some elements of the Phase II work plan. The modifications
consist of updating the Site Health and Safety Plan so that it addresses new
Phase II tasks and reflects the current knowledge of the site; ensuring the
success of the pumping test by building more flexibility into the pumping test
design in the event that actual site conditions are not as expected; modifying
the locations and construction of the piezometers to optimize information
collection during the pumping test and to benefit from existing piezometers on
Outboard Marine Corporation (OMC) property; modifying the standard operating
procedure for field soil pH; correcting the parameter list for groundwater
samples; and correcting the project schedule to resolve conflicts,

RESPONSE TO U.S. EPA COMMENTS

Comment 1: We understand this comment is related to the water level
information available for wells near the OMC Plant No. 2
facility north of the WCP site. The water level data, well
construction information, and boring logs shown in the Warzyn
reports supplied to us by the U.S. EPA (Subsurface
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Comment 2:

Comment 3:

Comment 4:

Ccmment 5:

Investigation, North Ditch Area [C-9177] and Hydrogeologic
Investigation (C-8342)) and the JRB report (Technical and
Witnessing Case Support, Hydrogeology Study of Groundwater -
Final Report, 1981) will be further reviewed and evaluated prior
to drafting the Remedial Investigation Report. This information
has been used to select water level monitoring points for the
Phase II investigation program to select water level monitoring
points. Changes made to the investigation program are detailed
below under "Piezometer Location and Construction.”

This comment refers to a misstatement in the Phase I Technical
Memorandum. The second sentence in the fifth paragraph of
Section 2.4.2.2, Hydrogeologic Model Development, will be
changed to read as follows: This pattern of flow differs from
that inferred from the water table elevation contour
interpretations shown on Figures 2.2-5 through 2.2-8, which
indicate flow toward the southwest from the northeast corner of
the site.

The three references cited in Table 2.4-6 were chosen from the
list of references in Attachment 1 because they reported
naturally occurring concentration ranges for the greatest number
of inorganic compounds in soils and because they summarized much
of the data reported by other authors. Other references
considered, but not selected, included mineral exploration
guides or agricultural studies that reported concentrations for
only certain elements of interest, references that reported only
an averadge concentration instead of a range of values,
references that reported values for specific geographic areas
unrelated to the site, and references that were summarized in
other references. We would appreciate any additional
information the U.S. EPA may have on other references that
should be considered.

In Section 2.4.4.2, Other Compounds, the following will be added
following the first sentence in the second paragraph: The
concentration ranges were selected from widely recognized
references which incorporate data from a number of studies and
provide a relatively comprehensive list of compounds.

In the discussion of the horizontal distribution of phenol in
Section 2.4.5.1, Distribution of MGP/Coking and Creosote
Compounds, the last sentence will be changed to read as follows:
The source of phenol in the sample from Well MW-3D is unknown at
this time and will be investigated during Phase II sampling.

In the discussion of the horizontal distribution of arsenic in
Section 2.4.5.1, Distribution of MGP/Coking and Creosote
Compounds, the following sentence will be added to the end of
the paragraph: The potential source of arsenic in samples from
Wells MW-S5D and MW-6D will be investigated during Phase II
sampling.
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Comment 6:

Comment 7:

Comment 8:

Comment 9:

Comment :

Comment 11:

Comment :

10

11

12

The last sentence before the semicolon in the first paragraph of
Section 2.4.5.3, Identification of Phase II Analytical
Parameters for Groundwater, will be changed to read as follows:
The second round of Phase II groundwater samples, to be
collected from all the Phase I and Phase II monitoring wells,
will be analyzed for the chemical parameters listed below:

The words "at the” will be deleted from the first sentence of
the first paragraph in Section 2.4.6, Ecological Survey.

The second to last sentence of the third paragraph of
Section 3.3.1, Monitoring and Pumping Well Installation, will be
changed to read as follows: If shallow soils in the immediate
vicinity of the MW-9 well nest are contaminated with oil or tar,
the MW-9 well nest will be deleted from the investigation
program.

The last sentence of the third paragraph of Section 3.3.1,
Monitoring and Pumping Well Installation, will be deleted.
Sampling of oil or dense nonagueous-phase ligquids (DNAPL) from
wells is discussed in Item 10 of the IEPA comment responses
presented below.

After the first sentence in the second paragraph of
Section 3.3.4, Permeability Testing, the following sentence will
be added: The proposed locations for the collection of these
three samples are shown on Figure 3.2-1.

The first sentence of the fourth paragraph in Section 3.3.4,
Permeability Testing, will be changed to read as follows: The
water pumped from Well PW-1 during the pumping test will be
pumped into a storage tank on site and stored in the tank for
the entire duration of the pumping test.

The last two sentences of the eighth bullet under Section 3.5.1,
General Remediation Evaluation Parameters, will be replaced with
the following sentence: TCLP samples will be placed in a
stainless steel bowl, objects larger than 1/2 inch in size will
be removed, and the samples will be promptly packaged in
laboratory containers.

Revised Tables 3.6-1 and 3.6-2 are in Attachment 2. The tables
have been revised to include the following: risk assessment and
concurrent ecological assessment duration of ten weeks; risk
assessment and ecological assessment to begin after U.S. EPA
approval of the Preliminary Characterization Summary; and agency
review periods of 30 days for all comments or approvals.
Exceedence of the schedules for U.S. EPA activities will result
in equal extensions of the total project time. The critical
links are illustrated on enclosed Table 3.6.2. The schedule has
been corrected to resolve schedule conflicts, as described below
under "Schedule.”
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Comment 13:

Comment 14:

It is understood that PRC Environmental Management, Inc. (the
U.S. EPA oversight contractor) will be conducting the ecological
assessment. To assist PRC in collection of relevant ecological
assessment information, a copy of the January 1992 draft
Waukegan Area of Concern Remedial Action Plan (RAP) is enclosed
in Attachment 3. The draft RAP summarizes the recent water
quality sampling, sediment sampling, and fish flesh sampling
results for the area, summarizes the major pollutants of concern
for the area, and identifies uses of the area that have been
impaired.

In Table 2.4-7, the results for methylene chloride and carbon
disulfide for the background soil samples were inadvertently
switched. The table will be corrected to read as follows:

FREQUENCY OF DETECTION
(Maximum Concentration

in ug/kg)
Parameter BS
Methylene chloride ND
Carbon disulfide 3/9 (4)

This correction does not affect the text in Sections 2.4.3,

Background Soil Quality Summary, and 2.4.4.4, Identification of

Phase II Analytical Parameters for Soil.

General water quality parameters will be analyzed in order to
assess potential treatability alternatives. In the August 1992
Phase I Technical Memorandum, a short 1list of parameters
{BOD/COD, oil and grease, total suspended solids) for assessing
treatability alternatives was to be run on the second round of
groundwater samples from all the wells. The April 1993 Phase I
Technical Memorandum moved the sampling up to the first sampling
event and expanded the parameter list to include sulfate,
sulfide, chloride, acidity, alkalinity, total hardness, total
dissolved solids, and total organic carbon. The wells for which
this longer list of parameters will be analyzed were selected to
be representative of the various areas around the site: MW-9S
and MW-9D for the gas plant/coke plant process area; MW-7S and
MW-7D for the northeast pond area; MW-12S and MwW-12D for the
area east of the plant process area; MW-10S and MW-10D for the
area south and southwest of the process area; and MwW-6S and
Mw-6D for the former creosote plant area. This program is
designed to give broad aerial coverage of the investigation area
and provides an opportunity to review the data prior to the
second round of sampling.
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Comment 15:

Comment 16:

Appendix I does not state that the base of the sand aquifer is
horizontal. Appendix I states that a horizontal base was
assumed for the purposes of groundwater flow modeling. This
assumption is appropriate for the groundwater flow modeling for
two reasons. First, the slope of the top of the till surface is
reasonably flat, sloping at approximately 0.5 percent from
Monitoring Well MW-6D to MW-4D. Second, the effect of that
slope on the transmissivity of the aquifer (transmissivity is
used by the model in its calculations) is small compared to the
effect of other factors, such as hydraulic conductivity.
Hydraulic conductivity estimates are only order of magnitude
estimates. For example, a change in saturated aquifer thickness
from 22 to 28 feet at a constant hydraulic conductivity of
6 feet per day would result in a change in transmissivity from
130 to 170 feet squared per day. This change in transmissivity
(an increase by less than a factor of 1.5) is far less than the
order of magnitude uncertainty in the estimate of hydraulic
conductivity. Consequently, it would not be justifiable to
refine the model to account for the slight slope of the till
surface, given the level of other uncertainties inherent in the
preliminary modeling.

Appendix I states that all simplifying assumptions about the
hydrogeologic conditions of the site that were made during
development of the groundwater flow model would be reevaluated
with the additional hydrogeologic data to be collected during
the Phase II investigation. If the Phase II data confirms a
slope on the base of the aquifer and if modeling that slope will
improve the quality of the modeled results and conclusions that
can be drawn from the modeling, the slope will be modeled.

The comment states that the model used hydraulic conductivity
values of 6 feet per day (2.1 x 10® cm/s) on-site and 20 feet
per day (7.1 x 10 ecm/s) off-site. However, the groundwater
modeling used a 6-foot per day hydraulic conductivity value not
only for on-site areas, but also for all off-site areas for
which model results were used to help preliminary assessments of
groundwater flow. Thus, a uniform hydraulic conductivity was
used for the entire peninsula where the site is located, as well
as for the OMC Plant No. 2 property as far north as the North
Ditch.

The hydraulic conductivity value of 6 feet per day was the
geometric mean of all the available hydraulic conductivity
values for the modeled area of interest. The hydraulic
conductivity, the defined boundary conditions, and the
infiltration are the parameters that controlled the groundwater
flow solution produced by the model for the area of interest.

There was no attempt in the Phase I preliminary modeling to
accurately model groundwater flow patterns in areas that do not
affect the solution in the area of interest, i.e., the vicinity
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of the site and OMC Plant No. 2. This is consistent with the
stated objectives of the Phase I preliminary modeling, which
were - to provide an initial evaluation of steady-state
groundwater flow patterns, to provide guidance in locating new
monitoring wells, to identify data gaps, and to design the
Phase II pumping test. The 20-foot per day hydraulic
conductivity outside the area of interest was an arbitrary
assumption that was not adjusted during final calibration of the
preliminary model, in the knowledge that this assumption would
not affect the solution at the site. These matters are all
briefly reviewed, in a level of detail appropriate to the
preliminary modeling effort and its purposes, in Appendix I,
especially paragraphs 1 and 6.

Comment 17: The sixth paragraph in Section 2.4.2.2, Hydrogeologic Model

Development, much of Section 3.3.5, Hydrogeologic Model
Development, and the seventeenth paragraph in Appendix I all
address this comment.

Comment 18: A laboratory standard operating procedure for cation exchange

capacity is in Attachment 4.

Comment 19: A laboratory standard operating procedure for weak acid

dissociable cyanide is in Attachment 4.

RESPONSE TO IEPA COMMENTS

Disposal of Groundwater Produced During Well Development, Sampling, and
Pumping Test.

The IEPA has stated that this water may potentially be a pollution control
waste, regulated wunder special waste regulations in 35 Illinois
Administrative Code Subtitle G, Section 809. If this characterization of
the water 1is correct, the water could not be discharged except to a
publicly owned treatment works (POTW) or under the terms of an NPDES or
other discharge permit. Without agreeing or disagreeing with the IEPA
comment, Barr Engineering Company has contacted the North Shore Sanitary
District (NSSD) and obtained their concurrence that, in principle, site

water can be pretreated and discharged to their system. Barr 1is
attempting to obtain permits from the IEPA and NSSD for discharge of these
waters to the NSSD. The Phase II field work cannot being until the

necessary permits have been obtained.

We anticipate that the same pretreatment program envisioned for discharge
to the NSSD would satisfy the requirements to spray-irrigate the water
on-site. Management of the water on-site by spray irrigation would not
require a formal permit under Superfund. We believe the substantive
requirements for on-site management of the water have been addressed with
the plan to treat the water with activated carbon and electro-chemical
precipitation as described in the Phase I Technical Memorandum.
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During the Phase I work, the discharge of well development and well
purging water, as well as the management of other investigation-derived
wastes, was performed pursuant to the Work Plan approved by the IEPA and
U.S. EPA on November 15, 1991. The management of these materials was
consistent with the U.S. EPA "Guide to Management of Investigation-Derived

Wastes.”

Fire Training and Storage of Petroleum and PCBs On-Site by OMC.

More thorough information regarding these matters will be sought from OMC
for inclusion with the Remedial Investigation Report.

Analytical Parameter Reporting.

During the conference call on June 7, 1993, William Bolen of the U.S. EPA,
Tracy Fitzgerald and Jerry Willman of the IEPA, and James Langseth of Barr
Engineering Company agreed that the proposed parameter list in Table 2.4-8
would be satisfactory.

Drilling in Highly Contaminated Areas.
a. Borings.

At the request of the IEPA, borings will be grouted with bentonite
slurry, rather than neat cement grout. The slurry will be tremied
into the borehole.

If we have information on the relative merits of these two
approaches, we will provide it to the IEPA and the U.S. EPA.

b. Wells.

The only well location considered likely to encounter oil or tar is
the MW9S/MW9D pair. As stated on page 71 of the Phase I Technical
Memorandum: "If soils in the immediate vicinity of the MW9 well nest
are contaminated with oil or tar that appears likely to flow into the
well, the MW9 well nest will be deleted from the investigation
program.” We agreed that this would be a satisfactory program for
handling this contingency.

Soil Cuttings and Purge Water from Off-Site Installations.

It was agreed that purge water would be transported back to the site and
managed as described above (item 1) for all purge water and well
development water. All off-site soil cuttings will be brought back to the
site and managed as described in item 6 below.
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Soil Cuttings On-Site.

Soil cuttings which are visibly clean and do not register readings on
hand-held air quality screening devices when monitored within 3 inches of
the surface of the soil will be left on the ground on-site within the
fenced area. Off-site soil cuttings brought back to the site that meet
these criteria will also be placed on-site adjacent to other soil
cuttings. Soil cuttings not meeting these criteria will be placed in
drums for future management.

Surface Samples for Volatile Organic Compound Analysis.

We agreed that VOC analysis of the 0 to 6-inch surface soil samples is for
the purpose of risk assessment and, therefore, would be performed as
provided in the Phase I Technical Memorandum. VOC information has already
been obtained from the seventeen shallow soil samples (2 to 4-foot depth)
collected during the Phase I investigation.

Identification of the Soil Stockpile Referred to in Section 3.2.3.1.

The identification of the soil stockpiles is adequately presented in
Section 3.2.3.1, Soil Stockpile Soil Samples, and Section 3.2.3.2,
Designated Soil Stockpile Characterization.

Wells in Areas with Free-Flowing Contaminants.

This issue was addressed under item 4 above.

Sampling Q0il or DNAPL from Wells.

Prior to purging a well, a probe will be inserted to the full depth of the
well and observed for the presence of DNAPL. In the event DNAPL is
discovered, an effort will be made to sample the DNAPL if there is
sufficient depth of product to make sampling physically feasible. It
should be recognized that the water quality data from wells containing
DNAPL is likely to be inconsistent over time and not representative of the
concentrations of dissolved phase contaminants that might be transported
with groundwater.

Additional guidance on DNAPL investigation is provided in Attachment 5.

Groundwater Discharge at the Site.

This issue was addressed under item 1 above.

PCB Analysis _as Referenced under Section 2.4.4.4(1).

As agreed at the March 5, 1993 meeting, samples from new monitoring wells
MW11lS and MW11D will be analyzed for PCBs (as are all first round samples
from the site monitoring wells). Analysis of soil samples for PCBs will
be performed on samples from the existing sand stockpile and designated
soil stockpile as provided in the Phase I Technical Memorandum.
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OTHER MODIFICATIONS TO THE PHASE II WORK PLAN

Site Health and Safety Plan

Amendments to the October 1991 Site Health and Safety Plan are in
Attachment 6. The first amendment updates the project tasks, the work zones,
the personal protective equipment, the potential chemical hazards on-site, the
air monitoring procedures, and the water safety procedures for the Phase II
investigation. The second amendment updates changes in project personnel.

The appendices to the safety plan have also been updated. However, a copy
of the appendices is not enclosed because the appendices are not project
specific. The appendices constitute a standard Barr document that summarizes
Barr standard operating procedures and Barr safety policies for all Barr
projects. The appendices will be available on~site during the Phase II field
work.

Pumping Test Design

The current pumping test design consists of pumping a 4-inch diameter
pumping well at a rate of 15 gallons per minute for 24 hours and observing
drawdown continuously in Monitoring Wells MW-1S and MW-1D and Piezometers P-104
and P-106 and at discrete time intervals in Monitoring Wells MW-6S, MW-6D,
MW-9S, and MW-9D and Piezometer P-103. This design was based on hydraulic
conductivity estimates obtained from the slug tests. If the hydraulic
conductivity of the sand aquifer is actually an order of magnitude greater than
estimated by the slug tests, meaningful drawdown may not be obtained from the
cbservation wells at a pumping rate of 15 gallons per minute. In order to
ensure the success of the pumping test in the event that actual site conditions
are not as expected, the pumping test design is being modified to allow for
greater pumping rates and more flexibility in the field. The following
modifications will address this matter:

! 1. Increase the diameter of the pumping well from 4 inches to 6 inches
in order to allow submersible pumps of a greater capacity to be
lowered into the well.

2. Determine the actual pumping rate by means of a step drawdown test at
the pumping well after installation of the well.

Should the groundwater removed from the pumping well during the pumping
test have to be stored and treated on-site and then discharged to the sanitary
sewer, it may be necessary to reduce the duration of the pumping test from
24 hours to 12 or 8 hours, if the actual pumping rate increases by a factor of
2 or 3. Because the drawdown data obtained from the observation wells will only
be used to estimate hydraulic conductivity and not the storage coefficient, the
duration of the pumping test is not as important as stressing the aquifer
adequately.

There is some uncertainty as to whether boundary effects of the slip wall
will be observed in the water level data from Monitoring Wells MW-1S and Mw-1D.
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Therefore, Piezometer P-106 will be installed approximately 20 feet south of the
pumping well instead of east of the pumping well. The symmetry of the response
curves for Monitoring Wells MW-1S/MW-1D and Piezometer P-106 can then be
compared in order to determine whether boundary effects of the slip wall have
been observed. An additional piezometer, Piezometer P-107, will be installed
north of the pumping well as close as possible to the slip wall.
Piezometer P-107 will be in line with Wells MW-1S and MW-1D, Piezometer P-106,
and the pumping well. The construction of Piezometer P-107 will be identical
to that of P-106, and water levels in Piezometer P-107 will be monitored
continuously during the pumping test. Boundary effects of the slip wall may or
may not be observed in the water level data obtained from Piezometer P-107
during the pumping test, depending on the duration and flow rate of the test.
However, water level measurements from this piezometer will be examined (along
with water level data from the Harbor and Wells MW-6S and MW-5S) to estimate
relative resistance values for the slip and harbor walls.

Piezometer Locations and Construction

Piezometers P-105 will not be installed as proposed. Information obtained
from the OMC Plant No. 2 PCB investigation indicates that OMC currently has two
piezometers (Z-1 and Z-2) located in the vicinity of proposed Piezometer P-105.
The locations of these piezometers are shown on the figure in Attachment 7.
These two piezometers will be monitored during the Phase II program in place of
P-105. Construction logs for these piezometers will be included in the Remedial
Investigation Report.

Piezometers P-106 and P-107 will be constructed of 2-inch diameter PVC
instead of l-inch diameter PVC as stated in the Phase II work plan. A larger
diameter will ensure that the transducer (the probe that will be used during the
pumping test to record water levels) can be lowered into the piezometers without
problems. A larger diameter will also allow a water level marker to be lowered
into the piezometers while the transducer is in place.

Phase II Groundwater Quality Parameters

’

Amenable cyanide was inadvertently left off of the list of Phase II
groundwater quality parameters in the Phase II work plan. All groundwater
samples obtained from the monitoring wells during the second monitoring event
and all groundwater samples obtained from the HydroPunch tool during
installation of the soil borings will be analyzed for amenable cyanide in
addition to the other Phase II parameters. The Phase II analytical parameters
for groundwater samples are listed in the table in Attachment 8.

In the Phase II work plan, it was stated that the groundwater samples would
be analyzed for the volatile organic compounds in EPA Method 8240. This list
of parameters is slightly different than the Contract Laboratory Protocol Target
Compound List (CLP TCL) of volatile organic compounds analyzed during the
Phase I investigation. The parameters trichlorofluoromethane, vinyl acetate,
2-chloroethylvinylether, 1,3-dichlorcbenzene, 1,4-dichlorobenzene, and
1,2-dichlorobenzene are on the Method 8240 list, but not on the CLP TCL. It was
our intention to keep the volatile organic parameter list consistent during both
phases of the remedial investigation. For this reason, the groundwater samples
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from the Phase II investigation will be analyzed for the CLP TCL volatile
organic compounds instead of the Method 8240 compounds. The Phase II analytical
parameters for groundwater samples are listed in the table in Attachment 8.

Surface Water Sampling

The same changes to the list of analytical parameters that were made to the
groundwater sampling program will be made to the surface water sampling program.
The changes were described in the preceding section.

Field Soil pH

The use of a pH meter instead of litmus paper is proposed for the
measurement of soil pH in the field. According to ASTM D4972-89 Standard Test
Method for pH of Soils, the pH meter calibrated with buffer solutions is more
accurate than the litmus paper. The revised Attachment 4a Standard Operating
Procedure for the Field Measurement of Soil pH is in Attachment 9.

Schedule

The schedule for the RI/FS work is shown in Table 3.6-1. An illustration
of the schedule for the remaining work is in Table 3.6-2. The revised schedule
for the RI/FS work provides 30-day periods for U.S. EPA review of all
deliverables, and provides ten weeks following approval of the Preliminary
Characterization Summary for completion of the draft risk assessment and
ecological assessment.

The revised schedule also resolves task start/finish conflicts that were
introduced by the extension of the risk assessment schedule. The start date of
the risk assessment/ecological assessment was revised to follow the approval of
the Preliminary Characterization Summary. The start date for the Screened
Alternatives and Proposed ARARs Technical Memorandum was revised to follow the
final revisions to the risk assessment/ecological assessment and the approval
of the Remedial Investigation Report. These start/finish dependencies are
‘indicated on Figure 3.6-2 by vertical arrows. An additional benefit of these
schedule revisions is the elimination of the concurrent review of the draft
Remedial Investigation report and the Technologies and Screening Process
Technical Memorandum by the U.S. EPA and IEPA. Start/finish relationships for
other sequential tasks, such as receiving U.S. EPA review and comment on the
Alternatives Array Summary prior to beginning the Comparative Analysis of
Alternatives, are not shown with vertical arrows. The technical memoranda in
the Remedial Alternatives Development and Screening task and in the Alternatives

Evaluation task are naturally sequential. Each technical memorandum is
dependent on the comment and guidance provided from the U.S. EPA review of the
previous technical memorandum. Because of the explicit and natural time

dependencies in the schedule, extension of scheduled U.S. EPA review time and/or
completion of the risk assessment/ecological assessment will result in
commensurate extension of the remaining tasks in the schedule.
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This letter constitutes the final addenda to the April 1993 Phase I
Technical Memorandum. The Phase I Technical Memorandum will not be resubmitted.

Please contact me with any questions regarding this letter.

Sincerely,

= [] ’
ames R. Lané:j§h“

KAF:crs

Enclosures

c: Tracy Fitzgerald
Patrick Doyle
Jerry Picha
Rick Hersemann
Margaret Skinner
Marianne Grammer
Steve Armstrong..
Dan Bicknell
Jerry Maynard
James Campbell
Russell Selman
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ATTACHMENT 1
SOIL CHEMISTRY REFERENCES

Bear, F.E., ed., 1964. Chemistry of the Soil [2d ed.]: New York, Reinhold
Publishing Corp., p. 515.
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ATTACHMENT 2

TABLE 3.6-1

ESTIMATED DURATION OF PROJECT TASKS

REVISION 3
) TASK CUMULATIVE
START DURATION DURATION'? COMPLETION
ACTIVITY START TASKS DATE ({WEEKS) (WEEK NUMBER) DATE
Phase I Field work Plan Investigation Support __2_/39/_9_2: _____ 8 8 4/23/92_
Investigation Approved and ==
Site Access Test Trenching ] 3/9/92 | 6 7 4/17/92_
Obtained
Surficial Soil/Background 3/72/92 4 4 3/28/92
Sampting I B R,
Monitoring Wells/Soil Borings __3/9/92 __5 __ 7 __4n1/92
Groundwater Sampling/Slug 4/6/92 1 ) 4/10/92
Tests e L
Ecological Survey Sfery2 | 5 __ b _____ 18 | __&/30/92_
Sample Analysis/validation 74 18 22 /92 |
Data Evaluation/Modeling 243 N B 12 s
Phase 1 Tech Memo l__5re8/92 | 13 26 8/28/92 |
Revised ARARS/PRG Tech Memo ____Z/_1_6!2§_ ______5__ 27 9/5/_9_2
EPA Review 4_.8/30/92 4 - 3 30 _.2/8/92
EPA Review Meeting 3/5/93 ) ____ 60 __ 53 3/5/93
Phase 1 Tech Memo Revisions 1. 3/6/931 & 4 59 | __4/3/93
EPA Review KYALYL: N 64 5/21/93
Phase | Tech Memo Revisions _§_/_2_1_/2.'3 e 5 69 __6/30/93
EPA Review and Approval 7/1/93 4 74 7/30/93
Phase [l Field Phase I Tech Investigation Support 1__9/30/92 | 58 89 11/12/93
Investigation Memo Approved S T T
Monitoring Wells 1_.8/30/93 | ___4& _ 82 __9/24/93
Soil Borings 1_.9721/93) S5 __ 87 _10/29/93
Groundwater Sampling #1 9/27/93 | ___1___ 83 __los1/93 |
Sample Analysis/validation #1 _8/30/93 | 1"n 89 11/12/93 |
Pumping Test IRAVAYL: T N 88 11/5/93
Groundwater Sampling #2 | _ v/ 1 89 | __11/12/93
Sample Analysis/validation #2 | 11/15/93 | 8 97 V194
Data Evaluation 8/30/93 24 102 2/11794
Sample Preliminary Characterization 1/10/94 5 102 2/11/94
validation Summary |
Complete T D T
EPA Review and Approval 2/14/94 4 106 3/11/94
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ATTACHMENT 2 (Cont.)

TABLE 3.6-1

REVISION 3

ESTIMATED DURATION OF PROJECT TASKS

ACTIVITY

TASK
DURATION
(WEEKS)

CUMULAT IVE
DURATION'?
(WEEK NUMBER)

COMPLETION
DATE

Risk Assessment Preliminary Risk Assessment and . 3/14/94 10 116 5/20/94
and Ecological Characteriza- | Ecological Assessment
Assessment tion Summary
Approved
RI Report, Preliminary Prepare Draft Rl Report 1 3/1_4!2@_-____ 8 _ LALTN 5/6/94
Remedial Characteriza- |~ o oTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTYTTTTTTTTTTT
Technologies tion Summary Prepare Tech Memo on 3/14/94 12 118 6/3/94
Screening, Risk Approved Technologies and Screening
Assessment Process | B | _ .
Review
EPA Review of Draft Rl _5/9/9% s 1n8__ 1 ____ é/_?:_/_9_l_._
PRP Review of Risk Assessment 5/23/9 | 4 __ 120 1 ___6/17/94
EPA Review of Tech Memo on 6/6/94 4 122 7/1/94
Technologies and Screening
Process | S —_—
Revisions to Draft RI | ___6/6/9% & _ 122 7/1/94
EPA Risk Assessment Revisions | 6/20/94 | & 124 7/15/94_
EPA Review and Approval of 7/5/9 4 126 7/29/94
Revised Rl
Alternatives EPA Risk Prepare Tech Memo on Screened 8/1/94 9 135 9/30/94
Development and | Assessment Alternatives and Proposed
Screening, Completed and | ARARS j B S —_
Alternatives Revised RI [~~~ ~~=°TTTTTTTTTTTTTTYTTTTTTTTT [T T T
Evaluation, FS Approved EPA Review of Tech Memo on 10/3/%4 4 139 10/28/94
Report Screened Alternatives and
Proposed ARARs i i
Prepare Tech Memoc on 10/31/94 5 144 12/72/94
Alternatives Array Summary | oo —_—
EPA Review of Tech Memo on 12/5/9% 4 148 12/30/94
, Alternatives Array Summary | o e _
Prepare Tech Memo on 1/2/95 8 156 2/24/95
Comparative Analysis of
Alternatives i | o
EPA Review of Tech Memo on 2/27/95 4 160 3/24/95
Comparative Analyses of
Alternatives d Ve _
Prepare Draft FS Report 1. 3/27/951 ___10 170 L_.6s2/95_
EPA Review __6/5/95 | 6 176___ | ___6/30/95_
Revisions to Draft FS/ 7/3/95 5 179 8/4/95
Submittal of Final FS
PROJECT TOTAL: 41 Months
‘Accounts for concurrent tasks.
’Based on full site access having been granted on February 26, 1992.
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TABLE 3.6-2
ESTIMATED REMAINING PROJECT SCHEDULE, REVISION 3

1993 1994 1995
MIA MJIJIA|S|OIN|DJJIFIMIAIMJIJIA|S|IOIN|D}J FIMA MIJ|IJ|A|S|O

ACTIVITY

Final Work Plan Approval and Site Access Obtained

Task I: Phase | Field Investigation

-EPA Review Meeting
-Revision of Phase | Tech Meno faul rﬂ
-EPA Roview and Approval of Phase 1 Tech Memo -...1 ‘—Q

Task 1i: Phase 1T Field Investigation®
-IL.1 Investigation Support
-1.2 Soil Investigation
-11.3 Hydrogeologic Investigation
-Pumping Test
-[1.4 Growndwater Saiapling ®

Task III: Samplie Analysis/Vahidation

Task IV: Data Evalaation
Task V: Rk Assessment and Ecological Assessment (RA/EA)
-EPA/Contractor RA/JEA Development !
-Draft RA/EA i
-PRP Review
-Revisions J

oo

'@

eC @

Task VI. RI Report
-Preliminary Characterizetion Summary o
-EPA Review & Approval -

-Draft RI [ e———
-EPA Review
-Revisions

-EPA Review & Approval

,C)

Tesk VII: Remedial Alternatives Development and Screening A
~Tech Mamo: Technologies & Screenming Process ¢
-EPA Review ‘—‘

-Tech Memo: Screened Alternatives & Proposed ARARs
-EPA Review
-Tech Memo: Alteruatives Array Surmnary " 5

-EPA Review

Task VI Alternatives Evaluation [
-Tech Memo: Comparative Analysis Of Alternatives L J
-EPA Review

) T
Task IX: Pensibility Study Report L
-Draft

-EPA Review ‘
-Revisions
-Submittal Of The Fmal FS {

[ S ) — 4 _— 38 NN SR S

5 B I
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*Suart dates for Phase 11 field work are contingent on regulatory approvals or appropriate permits (if any) for managing investigation- derived wastes.
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1. SUMMARY

The Great Lakes Water Quality Agreement (GLWQA) requires that State and Provincial
Governments dcsignaté geographic Areas of Concern (AOC) on the Great Lakes where
conditions have caused or are likely to cause the impairment of beneficial uses. The
Agreement further requires that the Remedial Action Plan (RAP) must be submitted to the
public and the International Joint Commission (LJC) for review and comment at three

stages:

I.  when a definition of the problem at the AOC has been completed;
II. when remedial and regulatory measures are selected; and

III. when monitoring indicates that identified beneficial uses have been restored.

The International Joint Commission (LJC), the United States Environmental Protection
Agency (USEPA), and the Hlinois Environmental Protection Agency (IEPA) designated
Waukegan Harbor as an Area of Conce: /AOC) in 1981. This designation was prompted
by the discovery of high levels of PCBs in harbor sediments.

To assist in the RAP development process a Citizen’s Advisory Group (CAG) was formed
by the IEPA in 1990 to provide recommendation to the [EPA on the development and
implementation of the RAP. The CAG is made up of business, civic, education,
environment, government, industry, and recreational interests in the area. As part of the
overall environmental assessment process, the CAG and the IEPA have worked together to
identify potential pollution sources in the Waukegan area beyond PCB contamination in the

harbor.
The Waukegan AOC is located in Lake County, Illinois on the west shore of Lake Michigan.

An Expanded Study Area (ESA), which includes the Waukegan AOC, approved by the
IEPA and the Waukegan Citizens Advisory Group (CAG) is bounded by the Dead River

DRAFT, January 8, 1992 1




on the north, the bluff line which parallels Sheridan Road on the west, the former U.S. Steel
property on the south, and the Lake Michigan shoreline on the east.

This Stage I RAP identifies impaired uses in the Waukegan ESA which include fish
consumption restriction, benthos degradation, dredging restrictions, loss of fish and wildlife
babitat and beach closings (Table 1.1.). Supportive data and discussion are found in the
completed Stage I document.

Cleanup of PCBs in harbor sediment began in November 1990 through the federal
Superfund program. Separate actions were taken to prevent contaminants from an
abandoned industrial facility, a tar pit, and leaking underground storage tanks from causing
further degradation of the harbor and near shore area.. Stage II of the RAP will focus on
selecting additional remedial and regulatory measures needed to restore beneficial uses in
the ESA. This will require close coordination between the public sector, industry, academia,
and government at all levels. Prioritization of remedial and regulatory measures will be of
prime importance in view of the limited amount of funding available for anticipated efforts
in the ESA.

The RAP will be updated to reflect the results of ongoing sampling, remedial action, and

any changes in the ecosystem.
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Table 42.  Use Impairment within the Waukegan Expanded Study Area.

Ul Use ls
Impairod Uslmpaired Usknows'

i Restriction on Fish 44 Wikdlife Consumption
Fish X
wildiife X

I Tainting of Fisk and Wildiids Flavor X

il Degradatioa of Fish and Wildlife Populations
(diversity and abundaace, including -
repnro.:naioa probicms)

wildlife

oK

iv  Flab Tumors and Other Deformities

Bird or Animal Deformities or i
Reproductive Problems ‘ ' X

Degradation of Beathos X
Restrictions oa Dredging Activitiss x’
Eutrophicatioa or Uadesirable Algas X

Restrictioas oa Drinking Water.Coasumption
or Tasie and Odor Problems C—— x!

<

|l &)=

- —_— .

xdi Addod Costs to Industry X

X
X

xiv  Loss of Fish and Wildlife Habitat
Fish Habitat X
Wwildlife Habitat X

' Additional data collection is required before a determination can be made
! Preliminary ev::uations indicate the old cmcrgency intaks located in Waukegan Harbor may be impairod,
bowever, future use of this iotaks is highly ualikely. Additional moaltoring is scheduled in 1992,

2



Table 1.1. Impaired Uses in the Waukegan Expanded Study Area.

Impaired Use - Causes Sources

Fish consumption restrictions PCBs Contaminated sediments
Ambient water quality
Atmospheric deposition

Degradation of benthos PCBs Contaminated sediments

Dredging restrictions PCBs Contaminated sediments

Beach closings fecal coliform Waukegan River

Loss of fish and PCBs Contaminated sediments

wildlife habitat
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2. INTRODUCTION

The International Joint Commission (IJC), the United States Environmental Protection
Agency (USEPA) and the Dlinois Environmental Protection Agency (IEPA) designated
Waukegan Harbor as an Area of Concern (AOC) in 1981. This designation was prompted
by the discovery of high levels of polychlorinated biphenyls (PCBs) in harbor sediments. In
1975 and 1976, PCBs were identified in several discharges into the harbor from Outboard
Marine Corporation (OMC). The AOC is located on the west shore of Lake Michigan in
Waukegan, Lllinois, about 37 miles north of Chicago and 10 miles south of the Wisconsin
state border (Figure 2.1.).

The Great Lakes Water Quality Agreement (the Agreement) and the Great Lakes Critical
Program Act require states to prepare a Remedial Action Plan (RAP) for their respective
AOCGCs. The Agreement also requires public consultation in all RAP development and
implementation actions. As part of the process to prepare the RAP for the Waukegan
AOC, the Waukegan Citizens Advisory Group (CAG) was formed in the summer of 1990.
The CAG has provided useful information to the IEPA and has actively assisted with the
preparation of the RAP (refer to Chapter 9 for more information about CAG and the RAP
development). For example, the CAG raised concerns about a variety of industrial sites in
the vicinity of the harbor that may be impairing beneficial uses. Consequently, while the
original AOC included only the harbor, the IEPA, with input and advise from the Waukegan
CAG, expanded the study area to include potential sources of contamination other than
PCBs which may affect both Waukegan Harbor and near-shore Lake Michigan in the area
adjacent to the barbor. This combined effort has lead to investigation and remediation
planning for non-PCB sources of contamination. The results of this expanded review are
described elsewhere in this RAP document. For purposes of clarity and brevity throughout
the remainder of this document, the expanded area which was approved by the CAG and
the IEPA and which includes the AOC will be designated the Waukegan Expanded Study
Area (ESA). |

DRAFT, January 8§, 1992 5




Figure 2.1. Regional Location of the Waukegan Expanded Study Area.
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2.1. BACKGROUND

From approximately 1961 to 1972, OMC purchased a hydraulic fluid used in the die-casting
works that contained PCBs, some of which ultimately escaped through floor drains. At
OMOC, the floor drains discharged to an oil interceptor system which discharged to the North
Ditch. Some of the PCBs escaped from a portion of the oil interceptor, diversion and pump
system and were released to the Waukegan Harbor. The harbor area discharge was located
in the western edge of slip 3, and the north property discharge was to the crescent ditch
(Figure 2.2.). This discharge pipe to the harbor was sealed in 1976. As a result of OMC
discharges, it is estimated that there are over 700,000 pounds of PCBs on OMC property
and approximately 300,000 pounds of PCBs in Waukegan Harbor (Figure 2.2.).

Investigation of the sediments in the Waukegan Harbor was made in 1977 and a thorough
investigation of both the harbor and the OMC property was completed in 1979 and 1980 by
the USEPA. A feasibility study was completed by USEPA in 1984 and the Record of
Decision (ROD) selecting on-site containment with off-site disposal of select soils was issued
in May 1984.

The same year the engineering design work for the selected remedial action was initiated.
However, in late 1985, design work on the project was suspended due to litigation between
OMC and USEPA regarding access to OMC property. Such access was essential to

- continue the engineering design process.

While this litigation was pending before the courts, Congress enacted the Superfund
Amendments and Reauthorization Act (SARA). The SARA amendments call for the
preference for "perrmanent remedies which reduce the mobility, toxicity, or volume of
hazardous substances." Although RODs signed before October 1986 are not required to
meet these new requirements, USEPA reevaluated the 1984 ROD to develop a remedy
consistent with SARA.
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Figure 22. Extent of PCB Contamination In and Around Waukegan Harbor.
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About the time USEPA began reviewing the remedy set forth in the 1984 ROD, USEPA
and OMC agreed to end the ongoing access litigation. Shortly thereafter, OMC submitted
a proposal to clean up the site. The negotiations between OMC, USEPA, and the IEPA
since late 1986 have resulted in a Consent Decree initiated in April of 1989 (U.S. District
Court, 1988). Counstruction on the remedy at the Superfund site began on November 15,
1990.

Development of the RAP began with the formation by the IEPA of the Waukegan CAG.

Recognizing that sources of non-PCB contamination are present near the harbor, a list of

these potential sources of contamination was prepared by CAG members and IEPA staff

(Table 2.1.). Preliminary sampling of the harbor area and investigations of some of these -
potential sources of contamination began in the fall of 1990. Subsequently, drafting of the

RAP started early the following year.

Identification of beneficial uses that have been impaired in the Waukegan ESA include
restrictions on fish consumption, degradation of the benthos, restrictions on dredging
activities, beach closings, and loss of fish and wildlife habitat. It should be noted that a
restriction on fish consumption is also in existence for selected species of fish for all of Lake
Michigan.

22. PURPOSE AND OBJECTIVES

The purpose of the RAP process is to provide a coordinated approach to environmental
management that will ultimately contribute to the successful rehabilitation of Lake Michigan
and the Waukegan ESA. This approach requires the integration of available data on
environmental conditions, socioeconomic influences, and political/institutional frameworks.
This plan also identifies sources of degradation and resultant use impairments related to
sources other than PCBs in Waukegan Harbor. Environmental issues in the Waukegan ESA
are identified in Chapter 4. Status of remediation and recommendations for restoration of
impaired uses are based on currently available data and pollution control programs and
priorities. The data contained in Chapter 4 will be reviewed and appended periodically to
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Table 2.1. Potential Sources of Contamination within the Waukegan ESA (Lapish, 1991).

Common Name Current Owner

Outboard Marine Corporation Outboard Marine Corporation
Johns-Manville Johns-Manville

North Shore Gas Co. Chevrolet Saginaw Coke Plant  Outboard Marine Corporation
U.S. Steel Property MCL Development

Greiss Pfleger Tanning Co. Commonwealth Edison Company
Diamond Scrap Yard Bank of Waukegan

Waukegan Paint and Lacquer Site Waukegan Paint and Lacquer

Alloy Engineering and Casting
North Shore Gas Co. Tar Pit

EJ.&E. Rail Yards

Alloy Engineering and Casting
North Shore Sanitary District
EJ.&E. Rail Road
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update information and, if appropriate, identify new issues and impacted areas.
23. INTENDED USE

Development and implementation of 2 RAP and determination of whether impaired uses
have been restored is an ongoing, iterative process. The RAP brings together information
and provides suggestions that should help to focus activities which aim to restore and
maintain beneficial uses. It is intended for concerned citizens, state and local organizations
with an involvement in Waukegan Harbor and the lakeshore area, and those individuals and
organizations who use the harbor and lakeshore for economic and recreational benefit. The
RAP should be used as a technical management document that provides a platform for
continuing analysis and decision-making. It contains a review of available data, defines
impaired uses and data needs, and prioritizes investigations and remedial actions. Every
attempt is being made to identify information pertaining to the critical environmental issues
affecting this ESA. Suggestions and additions from the CAG and the general public are

welcomed.
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3. ENVIRONMENTAL SETTING

This chapter describes the location, natural features, land uses, and water uses of the
Waukegan Expanded Study Area (ESA). This chapter also summarizes the groundwater,
surface water and near shore limnology, and includes sections on recreational, commercial,
and industrial activities that characterize the area. Information was gathered from state and
federal reports and additional sources presented in the list of references.

3.1. LOCATION

The Waukegan ESA is located in Lake County, Illinois on the west shore of Lake Michigan.
The ESA, as defined by the Illinois Environmental Protection Agency (IEPA) with input and
advise from the Waukegan Citizens Advisory Group (CAG), is bounded by the Dead River
on the north, the bluff line which parallels Sheridan Road on the west, the former U.S. Steel
Property on the south, and the Lake Michigan shoreline on the east (Figure 3.1.). The
Waukegan River bisects the study area and is a tributary to Lake Michigan approximately
1/4 mile south of the Waukegan Port District boat launching area. The North Ditch is a
smaller tributary to Lake Michigan, located north of the Outboard Marine Corporation
(OMC) property, which drains part of the stﬁdy area north of Waukegan Harbor.

32. NATURAL FEATURES

Waukegan Harbor is largely a manmade structure constructed in the late 19th and early
20th centuries. A natural inlet and portions of adjacent wetlands were filled to form the
present shape of the harbor area. Waukegan Harbor is about 37 acres and water depths
generally vary from 14 to 21 feet. The harbor sediments consist of 1 to 10.5 feet of very soft
organic silt (muck) overlying 9 feet of medium dense, fine to coarse sand. A very stiff silt
(glacial till) that typically ranges from 50 to more than 100 feet thick underlies the sand.
The entire harbor is bordered by 20 to 25 foot long steel sheet piling, except at the
Waukegan Port District boat launching areas and at the retaining wall near the harbor
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mouth. The sheet piles generally extend into the sand layer above the glacial till.
33. DRAINAGE BASIN SIZE

The Waukegan Harbor drainage area is defined as being bounded by the North Ditch to
the north, the Zion city moraine bluff to the west and the government pier to the south
(O’Gata, 1975). Waukegan Harbor drains approximately 0.47 square miles of industrial,
commercial municipal and open/vacant lands (Figure 3.2.).

The 5.8 stream miles of the Waukegan River in the study area discharge to Lake Michigan
and drain approximately 9.68 square miles of land (Healy, 1979). A small tributary of Lake
Michigan drains surface runoff from about 0.11 square miles of Outboard Marine
Corporation (OMC) and North Shore Sanitary District (NSSD) property. This drainage
system, which includes the North Ditch, also drains surface runoff from areas west of OMC
property and the railroad tracks, including a large portion of the City of Waukegan
stormwater runoff via the Gillette Avenue storm sewer which discharges to the west end of
the North Ditch. The North Ditch drainage systemn consists of the 600 by 20 foot Crescent
Ditch; the 240 foot Oval lagoon; and the 2,000 by 10 to 20 foot North Ditch.

3.4. TOPOGRAPHY

The general topography throughout the ESA is relatively flat. Some slight variations exist
between filled areas and natural ground. One partially filled depression, a tar pit on the
NSSD property, is within this area along with some closed depressions on the Johns-
Maanville property (an asbestos disposal pit, sludge disposal pit, and miscellaneous disposal
pit), and the filled Greenwood Avenue disposal site. One manmade mound in the area is
the Johns Manville primary asbestos disposal area which is approximately 40 feet above
natural ground. Additional manmade high areas include a gypsum storage pile on the Gold
Bond Building Products property adjacent to the harbor, and a coal pile on the
Commonwealth Edison property located approximately 1.3 miles northeast of the harbor
area (Vitale, 1991).
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Figure 32. The Watershed Tributary to the Waukegan Expanded Study Area.
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On the west side of the expanded study area, bluffs rise approximately 60 feet. The business
and residential areas of Waukegan are situated on these bluffs.

3.5. HYDROLOGY

The 100-year, 24-bour precipitation event in Waukegan is 6.40 inches and the 2-year, 24-
hour event is 2.80 inches (ISWS, 1989).

The Waukegan Harbor has a tributary area of 0.47 square miles and receives stormwater
runoff at seven discharge points as well as from overland flow. The expected annual yield
from an urbanized watershed of this type would be about 14 inches (NIPC, 1977). This
translates to a mean annual discharge of 0.50 cubic feet per second.

The Waukegan River has a watershed of 9.68 square miles and receives numerous
stormwater discharges from its highly urbanized watershed. Assuming a yield of 14 inches,
this watershed would yield about 10 cubic feet per second as an annual average.

The North Ditch discharge has been measured at 1.8 cfs by the U.S. Department of the
Interior. This value was calculated from measurements taken between March and
September, 1979. The maximum measured discharge was 5.3 cubic feet per second. Based
on a watershed of 0.34 square miles (0.11 square miles of OMC and NSSD property and
0.23 square miles discharging through the Gillette Avenue storm sewer) and an annual yield
of 14 inches, this watershed would have a mean annual discharge of 0.35 cubic feet per

second.

Components of the hydrologic budget around each of the above watersheds is discussed in
greater detail in Chapter 6.
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3.6. GEOLOGY

The uppermost deposits throughout the expanded study area alternate between fill material,
natural material, and a mix of fill and natural material. The fill material appears to consist
of naturally occurring material probably hauled into the area from other areas farther from
the lake and man-made demolition debris. The naturally occurring material consists of
medium grained sand with gravel and near lake deposits of Glacial Lake Chicago. These
materials are of the Equality Formation and reportedly range in thickness from 25 to 40 feet
(IEPA, 1991; Malhorta and Assoc., 1985).

Below the Equality Formation is the Wadsworth Till. This unit is relatively thick ranging
from 50 to 75 feet and consists of mostly gray clay and sandy clay till with some pebbles and
cobbles. Underneath the till resting on top of the bedrock is a sand and gravel deposit that
ranges from 3 to 20 feet in thickness.

Silurian age dolomite comprises the uppermost bedrock in this area. This shallow bedrock
is fractured which contributes to groundwater movement through this unit. Rainfall seeps
through the glacial till and imported fill to replenish groundwater levels in the Silurian
dolomite. Underneath the Silurian dolomite is Maquoketa Group shales which act as an

aquitard separating the Silurian dolomites from the deeper bedrock units.

* There are three major "deep” bedrock units below the Maquoketa Shale that are significant
sources of drinking water. These are the Glenwood - St. Peter Sandstone, the Ironton -
Galesville Sandstone, and the Mt. Simon Sandstone. The deepest of these units is the Mt.

Simon which is approximately 1,600 feet deep in this area.
3.7. HYDROGEOLOGY

Although the City of Waukegan obtains raw water for treatment and distribution from an
intake located in Lake Michigan, some businesses located near the harbor reportedly obtain
groundwater through one or more private wells on their property. The Remedial
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Investigation for the Johns-Manville disposal area identified six private wells on or near the
site.

Soil sampling and monitoring well installation near the harbor indicates that the water table
is frequently in the range of 1-3 feet from the ground surface. The presence of cattails and
smartweed (phreatophytic vegetation) is further evidence of near surface groundwater.
Artesian wells have been reported near the harbor (Vitale, 1991).

Lake Michigan and Waukegan Harbor appear to serve as discharge areas for surficial
groundwater. However, several factors could affect the groundwater levels and flow
direction. These factors include: the presence of silt below the sandy near shore lake
deposits; the water level in the north ditch (near OMC); the use of water from the industrial
canal by Johns-Manville; and fluctuations of the lake level.

Hydraulic conductivity will vary between compacted, imported fill material and the natural
in-place material. In general, relatively fast hydraulic conductivities would be expected
where medium grain sand, gravel, and lake sediments are present.

Slug tests (a method of in-situ hydraulic conductivity measurement based on water level
fluctuations in piezometers following the addition of a2 known volume of water) conducted
by consulting firms on the Johns-Manville and OMC propenties found conductivities ranging
from 1.6 x 10 cm/sec (45.4 ft/day) to 2.5 x 10 cm/sec (70.9 ft/day) and 2.0 x 10 cm/sec
(0.6 ft/day) t0 9.0 x 10 cm/sec (25.5 ft/day), respectively.

38. AIR QUALITY

Waukegan, Illinois is located in Air Quality Control Region (AQCR) #67 of the Metro
Chicago Interstate AQCR. The air quality of this AQCR is determined on the basis of the
National Ambient Air Quality Standards (NAAQS) set forth in the Clean Air Act of 1970
as amended in 1990. Federal and State standards are identical with the exception of
standards for ozone (O,) and lead (Pb). |
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Air quality is monitored at Waukegan by the IEPA. When the measured concentration of
a pollutant in a particular area does not exceed the primary standard or the secondary
standard, the area is designated as an attainment area for that polluthnt. Waukegar is an
attainment area for nitrogen dioxide (NO,), sulfur dioxide (SO,), total suspended
particulates (TSP), and lead. Lake Cdunty is classified as a nonattainment area for the
ozone primary standard (no secondary standard has been set). Waukegan is unclassified for
carbon monoxide (CO) because no monitoring data is available.

According to the 1984 Record of Decision (ROD) approximately 12 to 40 pounds of PCBs
are released from the harbor into the local airshed each year. Existing air contamination
from the North Ditch waters is estimated at 15 pounds per year (USEPA, 1984).

39. WETLANDS

There are no wetlands within the immediate drainage area of Waukegan Harbor. Several
types of natural and excavated wetlands are located near the north and west of Waukegan
Harbor (Figure 33.). Of these 17.5 acres are classified as Lake Shore Community. These
wetlands are recognized as Lake Michigan beach area and inciude the Waukegan North and
Central public beaches. The remaining natural wetlands near the harbor are classified as
marsh (3.1 acres) or pond (3.1 acres) and are located along the Lake Michigan shoreline
immediately north of Waukegan Harbor. Most of these wetlands are located on NSSD

'property. Excavated wetlands comprise 4.8 acres of ponds and 2.3 acres of wet meadows
(USDI, 1981a; USD], 1981b). The final, most extensive wetlands are located at the extreme
north end of the ESA immediately south of the Dead River. These wetland areas are part
of the Illinois State Beach Park.

3.10. URBAN, OPEN SPACE, AND SPECIAL USE AREAS
Land use areas in Lake County Illinois were classified by the Lake County Board in 1987

and the City of Waukegan in 1987 (Figure 3.4.). Land surrounding the northern portion of
Waukegan Harbor has been classified as urban while the beach areas and water filtration
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plant properties have been classified as open space areas. The remaining land in the
immediate harbor area is classified as special use (Lake County) or industrial (City of
Waukegan). The Waukegan Port District property is located within this special use area.
According to the Lake County Board, urban areas are intended to provide for both
residential and non-residential needs including commercial, office, research, light to heavy
industrial, institutional, and recreational uses. Urban areas are intended to meet
subregional and community needs and provide a city-type of lifestyle. Open space districts
include State, County, and local parks and recreational lands which are presently publicly
owned or are included in the acquisition plans of State or local park and Forest Preserve
districts. Open space districts are intended to fulfill all needs for community-wide and
regional public recreation areas. Special districts were designed to deal with a variety of
uses that do not easily fit into any of the other categories (City of Waukegan, 1987; Lake
County Board, 1987).

3.11. SEWER SERVICE AREAS

The City of Waukegan provides storm and sanitary sewers while the NSSD provides,
operates and maintains the interceptor sewers and wastewater treatment facilities in the
ESA. The system in the vicinity of the North Ditch consists of a 54-inch diameter gravity
sanitary sewer and a 48-inch diameter gravity combined sewer which carry influent to the
wastewater treatment plant and a 54-inch diameter force main which carries effluent from
the plant to the Des Plaines River (Farrell, 1991). These sewers are located parallel to each
other in an east-west direction just north of the south property liné of the NSSD Waukegan
treatment plant which parallels the North Ditch. There is a sanitary sewer traversing the
vacant lot owned by OMC. Another sewer runs north from the water filtration facilities
near the harbor mouth along the beach to the NSSD treatment plant. This sewer was
installed in 1978 to carry filter-backwash solids to the NSSD facility for treatment.

Seven storm sewers discharge to the inner harbor (a 10 inch line discharging into slip 3 was
sealed in 1976). There is a 30 inch line to slip 1, a 12 inch line along Clayton Street, and
a 24 inch line at Madison Street. These three storm discharges take runoff from portions
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of the metropolitan Waukegan area. In the new harbor area there is a 21 inch line draining
the Waukegan Port Authority parking lot to the north. An additional 27 inch line drains
the parking lot to the south discharging to Lake Michigan (Figure 35.). Storm sewer lines
which drain the Gold Bond property and discharge into slip 3 will be rerouted as part of the
OMC remediation. A single storm sewer will serve that property and will discharge to the
barbor. '

3.12. UNSEWERED AREAS
No area is unsewered in the ESA.
3.13. INDUSTRIAL

The land use throughout the Waukegan ESA is primanly industrial. OMC, Gold Bond
Building Products, Huron/LaFarge, Lone Star Industries, Dexter Corporation, and St
Mary’s Cement are adjacent to Waukegan Harbor. Johns-Manville, Dexter Corporation,
Lake Shore Foundry and Hansen Manufacturing are among the active businesses in the
ESA. Diamond Salvage, Alloy Engineering and Casting, U.S. Steel, and the Greiss-Pfleger
Tannery are closed industrial sites in the study area.

Access to water, land, and rail transportation contributed and helped to maintain this area
as the industrial hub of Waukegan. Railroad yards and light industrial facilities span
virtually the entire length of the Waukegan ESA.

3.14. RECREATIONAL USES

A substantial number of people use the area around Waukegan Harbor for sailing,
picnicking, fishing, or sightseeing. The public beaches to the north and east of the harbor
are used for swimming, sunbathing, volleyball, and public events. Recreational facilities in
the harbor area, in addition to the boat mooring and public launching areas, include the
Waukegan Yacht Club, the Warren G. Sivert Park, and the government pier. The Yacht
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Figure 3.5. Storm Sewer Discharges in and near Waukegan Harbor (Kallis, 1991).
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Club owns a clubhouse adjacent to the harbor and had about 400 members as of 1990. The
Yacht Club sponsors several events during the year that bring large numbers of people to
the harbor area. The biggest of these is the annual Chicago to Waukegan sailboat race
which is held in July. Over 600 boats participated in this race in 1990. The Warren G.
Sivert Park is a small park immediately west of the boat mooring area. There are several
small concession stands in this area that sell food, beverages, ice, and fishing supplies.
Public restrooms and picnic tables are available at the park. The government pier is used
for sight-seeing, walking, sunbathing, birdwatching, and fishing. This pier ends at the
lighthouse that marks the entrance to the harbor.

The public beaches to the north and east of the harbor are manned during the summer by
lifeguards and are supervised by a beach director and security director. There are picnic
pavilions with grills and a bathhouse with washrooms and showers. There also is a
concession stand at the north end of the beach area and a snack bar at the south end.

Beach use is free to Waukegan residents while nonresidents must pay a fee.

The City also sponsors festivals each year at the beach that include food, music, games, and
fireworks. The City expects between 70,000 and 80,00 people to attend these festivals

annually.
3.15. AGRICULTURAL

No land in the Waukegan ESA is used for agricultural purposes. Cement silos previously
used for grain storage stand empty today.

3.16. WATER SUPPLY

The City of Waukegan maintains a drinking water intake about one mile off shore in Lake
Michigan. No PCBs have been found in the raw or finished water at the Waukegan Public
Water Supply. Results of annual testing of raw and finished drinking water are presented
in Appendix A.
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3.17. COMMERCIAL FISHING

A summary of the Illinois commercial fishery for Lake Michigan for the period of April
1988 through March 1989 was summarized by the Illinois Department for Conservation
(IDOC; Hess, 1989). A total harvest of 62,005 pounds of bloaters (dressed weight) and
188,921 pounds of yellow perch (round weight) was reported for the period by the four
licensees in the limited entry commercial fishery for Illinois. Although commercial fishing
for trout and salmon is not allowed in Illinois, it is estimated that 12,981 lake trout and
16,695 other trout and salmon (primarily small chinook salmon) may bave been killed in
commercial nets during the 1988-89 license year as a result of fishing for other species.

3.18. SPORT FISHING

In 1989 and 1990, the IDOC stocked over 300,000 saimon and trout in the new harbor just
south of Waukegan Harbor (Table 3.1.). Numbers of salmon stocked have exceeded 250,000
each year with the majority being chinook, and about 50,000 trout (steelhead and brown)

have been added each year.

A survey of sport fishing in the Illinois portion of Lake Michigan was conducted between
April and September of 1989 by the Illinois Natural History Survey (Horns and Brofka,
1990). The survey included all types of sport fishing except charter boat and smelt fishing.
According to the survey the area of Lake Michigan in the vicinity of Waukegan Harbor
attracted 21,484 pedestrian trips and 12,830 launched boats during the survey period.
Estimated expenditures for sport fishing by pedestrians and launched boats combined totaled
$768,370 for the survey period. At Waukegan Harbor, the 1989 estimate of pedestrian
angler hours was 92,597 while launched boats added an additional 68,802 angler hours.

In 1988, the Waukegan charter boat fishery continued to contribute a substantial catch for
the Illinois portion of Lake Michigan. The Waukegan area catch was 1.9 times greater than
the Chicago area catch. Angler hours from charter boats in 1988 totalled 71,606 in Chicago
and 87,430 in Waukegan area waters. The total 1988 catch of trout and salmon by charter
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Table 3.1.  Number of Salmon and Trout Stocked in the Waukegan Harbor-New Harbor
Area by the [linois Department of Conservation in 1989 and 1990.
Salmon Trout
Annual
Year Coho Chinook Steelhead Brown Total
1989 24,380 240,273 26,475 25,152 316,280
1990 100,300 175,000 30,990 27,443 333,733
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boats totalled 19,523 fish in Chicago and 37,455 fish in Waukegan. Fish per angler hour was
0.27 for Chicago and 0.43 for Waukegan (Hess and Trudeau, 1990).

3.19. CONTACT RECREATION

During July and August of 1990, Waukegan area beaches were closed periodically due to
elevated bacteria counts. An intensive reconnaissance of the area by the NSSD for possible
sources of contamination concluded that the Waukegan River was the source of fecal
contamination. Further sampling of the Waukegan River was recommended to pinpoint
illegal discharges to the river (Farrell and Budzinski, 1990).

320. COMMERCIAL NAVIGATION AND RECREATIONAL BOATING

The Waukegan Port District operates the Waukegan Harbor. The Port District’s gross
revenues during 1990 totalled § 2,161,499. The sources of their revenues are shown below:

Gasoline and oil $ 54,384
Lease income 90,580
Percentage of gross 3,576
Gift Shop sales 9,433
Vending sales 10,845
Ice sales 12,422
" Miscellaneous 15,154
Slip fees 1,669,945
Transient fees 40,743
Launch and park fees 22,956
Key card sales 455
Tenant work orders 10,469
Dock boxes and bumpers 32,910
Ad sales 3,600
Winter dry storage 4,810
Charter permits 13,425
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Interest income 163,792
Total $ 2,161,499

During 1990, there were approximately 75 commercial ship dockings at Waukegan Harbor.
The Port District currently serves three commercial clients: Huron/ILaFarge Corporation,
St. Mary’s Cement, and Gold Bond Building Products (National Gypsum). Gold Bond
Building Products is located on the northwest side of the harbor between slips 3 and 1.
Huron/LaFarge Corporation is located south of slip 1 (Figure 3.1.). During 1990, 515,168
tons of bulk cement and gypsum rock were hauled into the harbor. Since each of the three
commercial clients supply building materials for the construction industry in the Chicago
metropolitan area, their need for raw materials is directly related to the level of construction

activity taking place.

Many types of recreation facilities and opportunities are available in the Waukegan Harbor
area; the foremost of these is fishing. The IDOC Division of Fisheries and Wildlife has
estimated that Waukegan Harbor and offshore area experience the heaviest fishing pressure
of any area along the Illinois coastline of Lake Michigan. Although the majority of the
recreational uses of the harbor are related to fishing, a substantial amount of pleasure

boating, sailing, picnicking, and other water-related activities also take place.

Eight public boat launching ramps at the harbor are open for use on April 1 of each year.
Demand for the boat slips has leveled off due to the opening of the North Point Marina in
Zion.

A considerable amount of boat-launching activity occurs at the harbor. During the period
April 1990 through October 1990, 1500 boat launching tickets were sold (a $9 fee is
charged). This does not account, however, for the approximately 97 season-pass holders

who have unlimited boat launching privileges.

Larsen Marine Service, Inc. located at the north end of Waukegan Harbor is the largest

lakefront yacht dealer in the Chicago metropolitan area. Before Winthrop Harbor Marina
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opened, Waukegan Harbor was the only protected public harbor along the northern Lllinois
shoreline. As of 1990, Waukegan Harbor can accommodate 1008 power boats (993 through
the Waukegan Port District and 15 at Larsen Marine). Larsen Marine is the only marine
sales and services company located directly on Waukegan Harbor. The company provides
yacht brokerage for new and used power boats and sailboats and offers complete marine
repair services. A crane operated boat hoist is also available for removal and storage of all
size classes of boats. These services are of considerable importance to recreational boaters
in the region because there are no similar commercial facilities on the northern Illinois
coastline.

As of 1990, there were 41 registered charter boat captains working out of the Waukegan
Harbor.

321. WASTE DISPOSAL (MUNICIPAL, INDUSTRIAL, UNCONTROLLED)

All Lake County Illinois municipal and industrial treated wastewater discharges were
diverted away from Lake Michigan to the Des Plaines River Basin during the period 1974
through 1978. The chronology of diversions are summarized below:

1974 Highland Park STP (all flows); Lake Forest STP (Dry weather flows);
Lake Bluff STP (Dry weather flows).
1975 Lake Bluff STP (Wet weather flows); United States Steel-South Works
(Process wastewater).

1976 North Chicago STP (Dry weather flows); Great Lakes Naval Training Center
STP (all flows); Abbott Laboratories (Process wastewater)

1977 Fort Sheridan STP (all flows); United States Steel-Waukegan Works (Process
wastewater): Chicago’s Jardine and South Water Purification Plants
(backwash).

1978 Lake Forest STP (wet weather flows); Waukegan STP (Dry weather flows).
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Excess wet weather flows continue to be discharged into Lake Michigan from NSSD’s North
Chicagn and Waukegan treatment plant after settling and disinfection. The contribution
from the North Chicago plant to these stormwater overflows was further reduced in 1990
by the completion of a transfer line and retention basin at NSSD's Gurnee facility. Excess
flow is pumped to Gurnee for treatment rather than discharge to Lake Michigan.

Abbott Laboratories and Commonwealth Edison Company’s Waukegan station non-thermal
discharges are in compliance with their respective National Pollution Discharge Elimination
System (NPDES) permits. The Illinois Pollution Control Board granted a 45 day provisional
variance to Commonwealth Edison’s Zion station on December 20, 1990. However,
Commonwealth Edison was able to complete changes at this station, thus removing the need
for a variance. The Highwood water filtration plant continues to discharge backwash water
directly to the Lake Michigan.

322. WATER QUALITY STANDARDS, GUIDELINES, OBJECTIVES

Subtitle C of Title 35 of the State of Illinois Administrative Code provides four use
designation categories for Illinois’ lakes and streams. Each category has a specific set of

water quality standards.

General use water quality standards for [llinois surface water resources were established for
protection of aquatic life, primary (e.g. swimming) and secondary (e.g. boating) contact
recreation, agricultural and industrial uses. The majority of Illinois streams and lakes come
under the general use designation. A somewhat stricter set of standards applies to Public
Food and Processing Water Supplies. These standards apply at any point at which water
is withdrawn for use as potable water supply or for food processing. Even more stringent
standards were established to protect Lake Michigan. A fourth set of standards applies to
streams designated as Secondary Contact and Indigenous Aquatic Life waters. This is the
most limited designated use and applies only to certain streams in the Chicago area. Illinois
water quality standards are presented in Table 3.2. Revised General Use Standards were

established for several metals in February 1990 (Table 3.3.) as well as comprehensive
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parrative toxics controls to protect human health, aquatic life, and wildlife. All Illinois water
quality standards have been fully approved by the USEPA.

The Great Lakes Water Ouality agreement of 1978 (as amended by Protocol signed
November 18, 1987) called for the maintenance of the chemical, physical, and biological
integrity of the waters of the Great Lakes Basin Ecosystem. It is the intent of this
agreement to provide for the protection of the full and unimpaired uses of the Great Lakes
System. Impairment to beneficial uses is measured by impacts on any of the fourteen basic
uses listed as follows:

6] restrictions of fish and wildlife consumption;

(ii) tainting of fish and wildlife flavor;

(iii) degradation of fish wildlife populations;

(iv) fish tumors or other deformities;

v) bird or animal deformities or reproduction problems;
(vi) degradation of benthos;

(vii) restrictions on dredging activities;

(viii) cutrophication or undesirable algae;

(ix) restrictions on drinking water consumption, or

taste and odor problems;

(x) beach closings;
" (xd) degradation of aesthetics;
(i) added costs of agriculture or industry;
(xdii) degradation of phytoplankton and zooplankton populations; and
(xiv) loss of fish and wildlife habitat.

Nlinois Water Quality Standards, as they apply to Lake Michigan, are consistent with these

objectives.
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Table 32. Ilinois Water Quality Standards.

Secondsry
Puwblic and Contact srd
General food Processing Leke Indigenous
Parameter units Use Water Supply Nichigan Agustic Life
p U 6.5 min 6.5 min 7.0 min(d) 6.0 min
9.0 sax 9.0 mex 9.0 max(d} 9.0 max
Dissolved Oxygen mg/l 5.0 min 5.0 min 90.X saturation(d) 4.0 min
Arsenic ug/l 1000 50 So 1000
Barium ng/l $000 1000 1000 $000
Boron g/l 1000 1000 1000 o
Cocmium ug/l S0 10 10 150
Chloride mg/l 500 0 12.0 (&) =--
Chromium ug/t 1050 50 50 1300
Copper o/t 20 20 20 1000
Cyanide mg/t 0.025 0.025 0.025 0.10
Fluoride ng/l 1.4 1.4 1.4 15.0
1ron (Total) g/l 1000 1000 1000 2000
lron (Dissolved) g/l -ee .es - 500
Lead ug/\ 100 50 S0 100
Nanganese ug/t 1000 150 150 1000
Mercury ug/ 0.5 0.5 0.5 0.5
Nickel ug/l 1000 1000 1000 1000
Phenols ug/t 100 1.0 1.0 300
Seleniun ug/t 1000 10 10 1000
Silver s/ 5.0 5.0 5.0 100
Sulfate ag/i 500 250 26.0(d) -~
Totat Dissolved Solids mg/! 1000 $S00 180 (o) 1500
2inc ug/l 1000 1000 1000 1000
Fecal Coliform
May-Oct. #/7100ml 200(¢) 2000 20 se-
Nov-April #/100mt .en 2000 20 .e-
fFecal Coliform
(8each) #/100mi -.- .~- 500(e) b
Asmmonias Nitrogen ng/ 1 1.5/715¢(b) 1.5/15(b) 0.02 .-
Un-ionized Ammonia ag/l 0.04(a) 0.04(n) --- .01
Nitrate Nitrogen ng/l .se 10.0 10.0 ..
0fl and Grease ng/L .- 0.01 0.01 15.0
Total Phosphorus g/t 0.05¢c) 0.05¢c) 0.007 ---
Algrin ug/lt 1.0 1.0 1.0 ==
Dieldgrin ug/ ... 1.0 1.0 -
Endrin ug/l 0.2 0.2 0.2
Totat DOT, ug/t --- 50.0 $0.0 $0.0
Total Chlordane ug/t .-~ $0.0 $0.0 3.0
Methoxychlor " 743 .- 100.0 100.0 .-
Toxaphene ug/l .- 100.0 100.0 .-
Heptachior ugst ... 0.1 0.1 see
Neptachlor epoxice up/l .- 0.1 0.1 ---
L indane ug/\ .-- 4.0 4.0 .-
Parathion ugst .o 100.0 10.0 s--
2,4°D ugsl mea 100.0 100.0 -
Silvex ug/\ m.n 10.0 10.0 “n-

ng/l = milligrams per liter
ug/l = micrograms per liter

(a) Unless total anmmonias nitrogen is less then 1.5 my/i

(D) The allowable concentration varies in accordance with water tempersture and pH values. In general, as both
temperature an p decrease, the allowable vaiue of ammonia nitrogen incresses. Un-ionized ammonia nitrogen
must not exceed 0.04 mg/l within the given range of totai amonis nitrogen values.

(c) Standard applies to lakes and reservoirs and at the point of entry of any stresm to lake or reservoir.

(d) Lake Michigan Standard (35 1{l. Adm. Coce 302).

(@) Swisnming Criterion

(f) U-terbgdy reaches physically unsuited for primary contact uses and not found in urbsn areas or parks may
be designated as unprotected wherety no fecal coliform standard applies.

DRAFT, January 8, 1992 35



Table 33. Acute and Chronic General Use Water Quality Standards.

Constituent (ug/l) Acute Standard* Chronic Standard®
Arsenic (total) . 360 1%0
Cadmium (total) exp(1.128(1nH)-2.918) exp(0.7852(1nH)~3.490)
Chlorine (total residual) 19 11
Chromium (total hexivalent) 16 11
Chromium (total trivalent) exp(0.819(1nH)+3.688) exp(0.819091nH)+1.561)
Copper (total) exp(0.9422(1nH)~-1.464) exp(0.8545(1nH)~-1.465)
Cyanide (weak acid 22 5.2
dissociable)*
Lead (total) exp(1.273(1nH)-1.460) _ ¢

but not to exceed

100 wg/l
Mercury (total) 0.5 —
where: exp = base of natural logarithms raised to parenthetic power

lnH = natural logarithm of hardness of the receiving water
in mg/l

(a) not to be exceeded except where a zone of initial
dilution is granted

(b) not to be exceeded by the average of at least four
consecutive samples collected over any period of at
least four days.

(c) Standard Methods 4500-CN I. STORET No. 718.

(d) No standard proposed.
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4. DEFINITION OF THE PROBLEM -

_Remedial Action Plans (RAPs) rely on an "ecosystem approach” for identifying remediation
needs and plans within the Expanded Study Area (ESA). The ecosystem approach considers
the impairment of beneficial water resource uses within the ESA as well as contaminant
--sources and loadings. The International Joint Commission (LJC, 1991) bas developed
criteria for the identification of use impairments (Table 4.1.). Use impairments identified
within the Waukegan ESA were determined through the application of these criteria.

Once the use impairments were defined; the causes of the impairments were identified using
existing environmeantal monitoring data. Data reviewed included water quality, sediment
--quality, biomonitoring (bioassay), benthic community assessments and environmental

contaminant monitoring data for sediments and fish.

The organization of this chapter reflects the above described use impairment procedure.
Section 4.1, Impaired Uses, describes use impairments identified through documented
observations. Sections 4.2. through 4.4., Water Quality, Sediment Quality, and Biota, discuss
the nature and extent of contamination associated with the identified use impairments.

4.1. IMPAIRED USES o

Five use impairments have been identified for the Waukegan ESA based on the listing
criteria approved by the International Joint Commission (IJC, 1991) as shown in Table 4.2.:
fish consumption restrictions, benthos degradation, restrictions on dredging, beach closings,
and loss of fish and wildlife habitat.

4.1.1. Restrictions on Fish and Wildlife Consumption

- In 1981, the U.S. Environmental Protection Agency (USEPA) recommended that fish caught
in Waukegan Harbor not be eaten (USEPA, 1981). The Lake County Health Department
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Table 4.1.

Guidelines for Recommending the Listing and Delisting of Great Lakes Areas

of Concern (LUC, 1991).

USE DLPAIRMENT LISTING GUIDELINE DELISTING GUIDELINE RATIONALE ARFERENCE
RESTRICTIONS ON Whes casmmast wveis u ok or vis- Whee ecoatammant ivvei = fish aset - Amouss v jarehetyes) Adapead bom Missk,
FISH AND WILDLIFE  bhis pop L] sanceres, life popuintoes 0 St GEw CurveRt amd beral RamSaiE; 1988
CONSUMPTION abjezes oF pudeinss. or publc haaith anderds. SOpVEANS OF gudsihae, cmpoasies ) Suershed
afvaores o W cfie ©or bemen e and 80 publc bealth adveorus e B e
sampoon of fish er widhils. Coscamenmsy afisst for bemee ssarunpte of Goh or
wvais 8 fish snd Widlils mum be duy widlih. Coammment vals i hed
0 coniammant mpu from the vaiershad and wildhide men be dus 5 eMtameRant
mpw form the vesmshad.
TAINTING OF FISH Whem amberd water qualey Gandards, YWhas swwy resuils enafirs 50 tasttmg Sensune 1 anbwas W Ses Amarum Pabiic
AND WILDLIFE v, id geicanes, for the anthero- of ok or e Dovew. quaisy aandesds o Hmith Asastss
FLAVOR POPERSS SUOSAR0N(s) EROWS 10 ebume RiGtIng Subsanawt (1990) for swresy
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¥ (be waigrshnd. 8 addion. e sunsd svel of shundeass tha vould be Agresment aad Grent Lakew Ussed St sadt
et W\ be CORMMIETES NP When cpessed from 1he amnus tagd yuaisy of Fishery Comnmmnse goais. Constia, 1967
reirvand. Oeid-valdiaied. fsh or wid- susabie phiynml. chemem) and Ssiopel 7 4 ] Grest Lakas Fishery
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e Panher, @ e thesses ¢f commenty
arasewe data, e we vill b sangered
remored whas (b a0 widhis bsnsawys
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FISH TUMORS OR Whas the mexieacs mees of Gsh nemore Whes e podiesss i of fizh hamors Cosrmest with apert Adapiad trom Mack
OTHER DEFORMITIES or other deflormmus oueng fmies & oF ST SeiOrILS $0 ROt CRSed reies P oa and Smish, 1908
aEpactsd COMIT! S OF Whes Furvey o VRAENpeciad eORLrOl SNes Aad Vhes isogm background moxivess Black, 190X
dais confirm the prenence o asopiamc vy dats soalrm (hs stwrass Of aso- e foumses « ol 90
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Table 4.1. (continued)

Great Lakes Areas of Concern (UC, 1991).

Guidelines for Recommending the Listing and Delisting of

7

Wolsrs, mchwing wetinss.

USE DLPAIRMENT LISTING GUIDELINE DELISTING OUIDELINE RATIONALE REFERENCE
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Table 42. Impaired Uses in the Waukegan Expanded Study Area.

Impaired Use Causes Sources

Fish consumption restrictions PCBs Contaminated sediments
Ambient water quality
Atmospheric deposition

Degradation of benthos PCBs Contaminated sediments

Dredging restrictions PCBs Contaminated sediments

Beach closings fecal coliform Waukegan River

Loss of fish and PCBs Cdntaminated sediments

wildlife habitat
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currently has posted the harbor area warning that consumption of fish taken from the
"North" portion of Waukegan Harbor may be dangerous to human health. Contamination
of fish tissue is discussed in Section 4.4. Hunting is not allowed in the ESA because it is in
an urban area. There have been no studies of contaminants in wildlife in the ESA (Millar,
1991). ‘

Proper handling and processing of fish has been shown to reduce fillet concentrations of
organic compounds (Hazleton Laboratories America, Inc., 1986). Removal of the skin, belly
and back fat, and lateral vein from chinook salmon fillets resuited in average reductions in
PCBs, DDT and metabolites, Dieldrin, Chlordane, and benzene hexachloride (BHC) and
~ all isomers of roughly 70 percent.

4.12. Tainting of Fish Flavor

There have been no reports of tainted flavor in fish flesh in or near the area of concern.
A fish flavor study using American Public Health «ssociation (1980) methods has not been
conducted (Hess, 1991).

4.1.3. Degradation of Fish and Wildlife Population

_Revisep 2/’?/‘7 r .3/3 /95
There is no available information on impacts to fish and wildlife populations in the
Waukegan ESA. Detailed fish and wildlife population studies have not been conducted in
the Waukegan ESA. Detailed population studies in the area have been restricted to the
collection of samples for fish contaminant analysis (Hess, 1991).

Surveys of charter boat sport catch from the Illinois waters of Lake Michigan show greater
total catch in Waukegan area waters than in Chicago area waters (Hess and Trudeau, 1990).
In 1987 and 1988, overall charter boat sport catch near Waukegan was approximately 140
and 190 percent greater than near Chicago. Individual species of sport fish which were
more commonly caught off Waukegan included coho salmon, chinook salmon, rainbow trout,
and brown trout.
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As with charter boat fishing, pedestrian catch in the Waukegan area is greater than in other
areas along the Lake dengan shoreline in INlinois (Horns and Brofka, 1990). Pedestrian
catch of brown trout, rainbow trout, coho salmon, and chinook salmon from both the
Commonwealth Edison Waukegan Generating Station and the Waukegan Harbor area were
greater than from six other locations along the Illinois shoreline. Catch of yellow perch was
greater at the Waukegan locations than from five of the six other locations.

4.1.4. Fish Tumors or Other Deformities
AsesED  2f 19/ 9

There have been no reports of fish tumors or other abnormalities in Waukegan area fish.
Annual electrofishing surveys have been conducted by the Illinois Department of
Conservation (IDOC) in the boat harbor south of government pier to collect fish for
contaminant analysis. Examinations of subsamples of collected fish have not identified any
internal or external tumors or abnormalities. It is not expected that fish tumors or other
abnormalities are a problem in the ESA since no reports or observations have been
documented (Hess, 1991).

4.1.5. Bird or Animal Deformities or Reproduction Problems

SUISED ;7//7/7:—
There is no available information on bird or animal deformities or reproduction problems
in the Waukegan ESA (Millar, 1991).

4.1.6. Degradation of Benthos

Polluted conditions which presently exist within Waukegan Harbor have impacted benthos
populations. In 1972, the Illinois Environmental Protection Agency (IEPA) conducted a
benthic survey of Waukegan Harbor at four stations and, based on this survey, classified
each station as polluted (Figure 4.1.). Benthic life (Table 4.3.) consisted of Oligochaete
(aquatic worms), Sphaeriidae (fingernail clams), Hirudinea (leeches), Tendipedidae
(midges), Prosobranchia (gilled snails), and Amphipods (scuds). Pollution tolerant forms,
specifically aquatic worms, predominated at each location indicating environmental
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4,13. Degradation of Fish and Wildlife Population

There is no available information on impacts to fish and wildlife populations in the
Waukegan ESA. Detailed fish and wildlife population studies have not been conducted in
the Waukegan ESA. Detailed population studies in the area have been restricted to the
collection of samples for fish contaminant analysis (Hess, 1991). Specific studies in the ESA
are needed. In late 1992, additional information may be available from a U.S. Fish and
Wildlife Service (USFWS) national damage assessment of fish and wildlife impairments for
Areas of Concern (AOGC:s) in the Great Lakes.

Contaminant concentrations similar to those found within the Waukegan ESA have been
correlated with declines in fish and wildlife populations throughout the Great Lakes.
Specifically, organochlorine compounds in the Great Lakes have been linked to reduced
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populations of double-crested cormorant and bald eagle. Double-crested cormorant
populations in the Great Lakes declined in the 1970s as a result of eggshell thinning
associated with DDT.. Recovery of the double-crested cormorant began in the 1980s and,
currently, basin-wide cormorant populations are 20 times greater than at any other time this
century (Government of Canada, 1991). Bald eagles, as long-lived top predators, are
particularly susceptible to bicaccumulation and suffered population declines in the Great
Lakes starting in the 1940s (Government of Canada, 1991). Lake trout declines in Lake
Michigan have been circumstantially associated with environmental contaminants. Other
species which have experienced population declines associated with water and sediment
quality contamination are otter, black-crowned night-heron, and possibly mink.

Surveys of charter boat sport catch from the Illinois waters of Lake Michigan show greater
total catch in Waukegan area waters than in Chicago area waters (Hess and Trudeau, 1990).
In 1987 and 1988, overall charter boat sport catch near Waukegan was approximately 140
and 190 percent greater than near Chicago. Individual species of sport fish which were
more commonly caught off Waukegan included coho salmon, chinook salmon, rainbow trout,

and brown trout.

As with charter boat fishing, pedestrian catch in the Waukegan area is greater than in other
areas along the Lake Michigan shoreline in Illinois (Horns and Brofka, 1990). Pedestrian
cgtch of brown trout, rainbow trout, coho salmon, and chinook salmon from both the
Commonwealth Edison Waukegan Generating Station and the Waukegan Harbor area were
greater than from six other locations along the Illinois shoreline. Catch of yellow perch was
greater at the Waukegan locations than from five of the six other locations.

4.1.4. Fish Tumors or Other Deformities

There have been no reports of fish tumors or other abnormalities in Waukegan area fish.
Annual electrofishing surveys have been conducted by the Illinois Department of
Conservation (IDOC) in the boat harbor south of government pier to collect fish for

contaminant analysis. Examinations of subsamples of collected fish have not identified any
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internal or external tumors or abnormalities. It is not expected that fish tumors or other
abnormalities are a problem in the ESA since no reports or observations have been

documented (Hess, 1991).
4.1.5. Bird or Animal Deformities or Reproduction Problems

There is no available information on bird or animal deformities or reproduction problems
in the Waukegan ESA (Millar, 1991). Specific studies in the ESA appear warranted.

Studies have shown that levels of toxicity similar to those levels found in Waukegan Harbor
have produced adverse effects, reproductive failure and gross deformities, on wildlife.
Ranch raised mink experienced reproductive failure and elevated kit mortality when fed
PCB-containing fish (Government of Canada, 1991; Fitchko, 1986). Organochlorine
compounds, especially DDT and DDE, are correlated with eggshell thinning and
reproductive failure in double-crested cormorant and bald eagle (Government of Canada,
1991). Contaminant-associated reproduction failure in herring gulls was attributed to altered
egg incubation behavior in adult gulls. Deformities attributed to contaminant exposure
include feminization of male herring gull embryos; bill deformities in common terns; tail,
leg, and mouth deformities in snapping turtle; and, most notably, crossed bills in double-

crested cormorants (Government of Canada, 1991).
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Figure 4.1. Benthos Sampling Locations.
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Table 4.3, Benthic Organisms Observed in Waukegan Harbor (IEPA, 1972).

Station

Organism 1 2 3

Caddisfly larvae 0 0 0 0
Scuds 7 2 0 0
Aquatic sow bugs 0 0 0 0
Fingernail clams 2100 12 1110 150
Gilled snails 14 0 7 0
Midge larvae 7 0 0 85
Flatworm 0 0 0 0
Pulmonate snails 0 0 0 0
Leeches 36 7 392 14
Aquatic worms 3900 105 6800 13600
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degradation (IEPA, 1972).

In 1973, additional benthic surveys were accompiished by the IEPA near the mouth of the
Dead River, in near-shore areas near the North Shore Sanitary District (NSSD) sewage
treatment plant, and the mouth of the Waukegan River in Lake Michigan (IEPA, 1973).
Benthos populations around the Dead River were classified as balanced and were
dominated by scuds. Several sampling locations immediately off-shore of the NSSD facility
were found to be devoid of benthic life. However, samples within 0.5 miles of the shoreline
were found to have balanced benthic populations. It should be noted that since the date
of this study, effluent from the NSSD facility has been routed away from Lake Michigan and
to the Des Plaines River. The resulting reduction of nutrient and biodegradable loads to
the lake should have improved the benthic environment at the NSSD facility. However,
current data concerning benthic populations near the NSSD facility are not available.
Eleven of fifteen sampling locations near the mouth of the Waukegan River were classified
as either polluted or semipolluted.

Sediment samples for benthic invertebrate analysis were taken from nearshore Lake
Michigan near the Waukegan generating station in 1972 and 1973 (CEC, 1972; CEC, 1973).
Sampling depths ranged from 10 to 40 feet. Samples were dominated by aquatic worms,
scuds, and fingernail clams.

A 1987 benthic survey was conducted by the Illinois Natural History Survey (Ross et al.,
1989) within Waukegan Harbor and in Lake Michigan immediately outside the harbor. As
with earlier benthic studies, dominant species included aquatic worms and fingernail clams.
Biomass, based on the dry weight of collected samples, was lower in areas of marked

contamination.

The toxicity of Waukegan Harbor sediments to various benthic organisms was evaluated by
Marking et al. (1981). Sediment samples were vigorously shaken wﬁh water and allowed
to settle for one hour. The remaining suspension was decanted and used for the toxicity
tests. The suspension was aerated during exposure to prevent further sedimentation.
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Species mortality was recorded after 96 hours of exposure. Benthic organisms tested
included water fleas, scuds, mayfly nymphs, midge larvae, snails, and fingernail clams. All
species except fingernail clam experienced increased mortality attributed to sediment
exposure. Water flea mortality of 100 percent was observed for some samples.

4.1.7. Restrictions on Dredging Activities

Both the inner and outer areas of Waukegan Harbor (Figure 42.) are affected by sediment
accumulation. Accumulated sediment in the inner harbor is estimated to be between 1 and
10 feet thick (Ross et al., 1989). The breakwaters and piers which define and protect the
outer harbor trap sandy sediments which are eroded from the beaches at Ilinois Beach
State Park north of Waukegan and carried by the littoral drift (Norby, 1981). The U.S.
Army Corps of Engineers (ACOE) has dredged the outer areas of Waukegan Harbor as
recently as 1991. Dredged materials removed from the outer harbor areas were clean sandy
sediments which were suitable for unconfined lake disposal or use as nourishment materials
for beaches. ‘

Dredging of the inner portions of Waukegan Harbor, west of North Pier, was discontinued
after 1972 because the sediments were classified as polluted (ACOE, 1989). Since that time,
the ACOE has investigated alternatives for confined disposal facilities (ACOE, 1986; ACOE,
1989). None of the proposed confined disposal facility alternatives have received approval.

There has been an increased cost to industry due to a lack of dredging in the harbor. The
inner (old) harbor area is authorized to be dredged to 23 feet and was last dredged to 18
feet in 1972. The inner harbor is now about 16 feet deep and is scheduled for only partial
dredging as part of the OMC Superfund clean up. Representatives of industries which rely
on the harbor for transportation of raw and finished materials reported problems associated
with lack of dredging to the Waukegan Citizens Advisory Group (CAG, 1991). Three of the
four participating industries must currently alter normal shipping procedures to
accommodate shallow water depths in the harbor. Of these three, two local building
product manufacturers have indicated that lack of dredging has cost their companies a sum
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of roughly 0.5 million dollars per year in additional shipping costs. These increased shipping
costs are related to the number of deliveries required. Since water depths in the harbor
bave been reduced by sedimentation, shipping vessels may not safely navigate the harbor
when they are fully loaded. Consequently, ships may only be loaded to approximately 70
percent of capacity requiring a greater number of dockages.

4,1.8. Eutrophication or Undesirable Algae

Eutrophication is the accumulation of nutrients in a water body and is commonly associated
with increased high biotic productivity (Cole, 1979). Water quality constituents related to
eutrophication are those which are required as macronutrients for production of plant
material, particularly nitrogen and phosphorus.

Water quality samples collected from Waukegan Harbor in November, 1990 yielded a mean
total phosphorus concentration of 0.018 mg/L and a mean total ammonia concentration of
037 mg/L (Table 4.4.). Although these nutrient levels exceed State of Illinois Standards,
no undesirable algae growths have been reported or observed.

4.1.9. Restrictions on Drinking Water Consumption or Taste and Odor Problems

Two city of Waukegan water intakes (including an emergency intake) are located east of the
harbor in the lake. The main intake is a 48 inch pre-stressed concrete pipe line that runs
in an east southeast direction for 6,244 feet from the steel tank on the south side of
government pier (Figure 4.2)). The emergency intake is a 24 inch line running
approximately 1000 feet out from the tank. The location of the emergency intake is about
125 feet south of the Government pier and 100 feet east (Lapish, 1990). An additional
emergency intake (15 inch line) is located in the entrance channel to the harbor (Kroop,
1991). Since an emergency intake which draws Lake Michigan water is available for use,
it is quite unlikely that the City would ever utilize the emergency intake located in the
harbor. Currently, both emergency intakes are valved shut.
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Table 44.  Comparison of Mean Water Quality Concentrations from the Waukegan Harbor Area and Lake Michigan, 1990.
(Samples were collected and analyzed by the lllinois EPA).

Waukegan Harbor Lake Michigan
Parameter Standard Area (1) North Shore (2)
Water Temperature (C) - 7.1 15
pH (units) 7.0 - 9.0 a 7.0 -
Dissolved Oxygen (mg/L) 5.0 c 8.3 -
DO Percent Saturation 90 a 70.4 * -
Conductivity (uS/cm) 3 300 a 321 * 287
Total Phosphorus (mg/L) 0.007 a 0.018 * 0.004
Total Ammonia (mg/L) 0.02 a 0,37 * 0.01
Un-ionized Ammonia (mg/L) 4 0.04 c 0.000 -
Total Kjeldahl Nitrogen (mg/L) - 0.6 0.2
Nitrite + Nitrate (mg/L) -- 0.29 0.24
coD (mg/L) - 15 4
Turbidity (NTU) - 11.7 2.0
Total Suspended Solids (mg/L) - 12 2
Volatile Solids (mg/L) - 4 2
Chloride (mg/L) 12 a 15 * 11
Sulfate (mg/L) 24 a 30 * 22
Cyanide (mg/L) 0.022 c 0.021 0.005 K
Fluoride (mg/L) 1.4 c 0.13 0.09
Phenols (ug/L) 1.0 b 15 ¢ J K
Fecal Coliform (No./100mL) 20 a 24 * 8 K

2ROAOTU &WN
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Seven stations, November,1990.

Five stations (1N, 3N, 5N, 7N, 9N), May & September, 1990.

Conductivity x 0.6 = TDS (mg/L)
Calculated

Lake Michigan Standard (35 IL Adm Code 302)

Public Water Supply Standard (35 IL Adm Code 302)

General Use Standard (35 IL Adm Code 302)

Less than
Violated Standard

52




There are no restrictions on drinking water for the City of Waukegan. Samples of finished
water and raw water from the main intake are collected annually and tested for constituents
identified in the Safe Drinking Water Act (USEPA, 1986). Results of this annual sampling
are included in Appendix A. In addition, finished water is analyzed daily for bacteria,
turbidity, residual chloride, and fluoride and raw water is analyzed daily for turbidity and
temperature (Kroop, 1991). Water quality continues to meet standards set forth by the Safe
Drinking Water Act (USEPA, 1986).

There have been no complaints regarding taste and odor since 1988 when harbor water
entered the raw water intake due to drain and sump problems. Following reconstruction
of the drain and sump and initiation of activated carbon treatment in 1988, no taste and
odor complaints were reported. Use of granular activated carbon for treatment of drinking
water is typical of public drinking water supplies in Cook and Lake counties which rely of
surface water resources (IEPA, 1991a). |

4.1.10. Beach Closings

The Illinois Pollution Control Board (IPCB) and the Illinois Department of Public Health
have set water quality standards for swimming based on fecal coliform counts. Fecal
coliform is present in the feces of humans and other warm-blooded animals. Its presence
in water indicates the possible presence of pathogenic organisms. The IPCB standard for
full contact recreation is a geometric mean less than or equal to 200 counts per 100 mL and
no more than 10 percent of the samples shall exceed 400 counts per 100 mL (35 IL Adm.
Code 302). The Lake County Health Department samples Lake Michigan beaches in the
county daily during the swimming season (June through August). The criteria used for
closing a beach is consecutive samples with fecal coliform counts greater than 500 per 100
L water or total coliform counts greater than 5000 per 100 mL water (IDPH, 1987). The
Lake Michigan water quality standard of a geometric mean of 20 counts fecal coliform per
100 mL water (Table 4.3.) is applied for environmental evaluations rather than public health

concerns related to beach closures.
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Two city beaches, Waukegan North and Waukegan Central are located immediately north
of the harbor entrance. The Waukegan beaches have exceeded swimming standards
occasionally between 1983 and 1991 (Table 4.5.). Generally, Waukegan North beach has
greater levels of fecal coliform than Waukegan Central beach. These beaches were closed
periodically between July 16 and August 20, 1990 due to elevated coliform bacteria counts.
Waukegan North beach experienced thirteen days with coliform counts (total coliform or
fecal coliform) above Lake County Health Department limits for full contact use resulting
in beach closings on nine occasions. Waukegan Central beach experienced nine days with
coliform counts above health department limits resulting in five beach closings \ Farrell and
Budzinski, 1990). In 1991, Waukegan North beach experienced two closings while
Waukegan Central had no closings (Colwell, 1991). An intensive reconnaissance of the area
conducted in 1990 by the North Shore Sanitary District found that the Waukegan River was
the source of fecal contamination; further sampling of the Waukegan River was
recommended to locate the source of contamination (Farrell and Budzinski, 1990).

A recent inspection by the IEPA found several stormwater and sanitary sewer cross-
connections resulting in pollutional discharges to the Waukegan River (Kallis, 1991). The
City of Waukegan was requested to correct any pollutional discharge in a compliance inquiry
letter dated April 24, 1991 (Marek, 1991).

Although the Waukegan River has been identified as the primary source of fecal coliform
contamination at municipal beaches, there is the potential that additional nearby stormwater
discharges and combined sewer overflow during periods of heavy rainfall could contribute

fecal coliform.
4.1.11. Degradation of Aesthetics

As defined by the UC (LJC, 1991), aesthetics within the ESA may be considered degraded
when a "persistent objectionable deposit, unnatural color or turbidity, or unnatural odor” is
observed in water. There is no available information on degradation of aesthetics, as
defined by the IJC, in the Waukegan ESA.
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Table 45. Summary of Beach Closings and Fecal Coliform Bacteria (No./100mL) at
Lake Michigan Beaches in Waukegan, Mllinois, 1983 Through 1991.

Waukegan North Waukegan Cantral Total

Year Days Closed ' Days Closed Days Closed

1987 2 T s

1988 0 3 3

1989 3 2 -]

1990 10 10 20

1991 2 o 2

Waukegan North ' Waukegan South

Year Geo. Mean s >400 CS >500 Geo. Mean § >400 CsS >500
1963 28 4 o} 26 k| 0
1984 44 8 1 24 7 0
1985 32 6 1] 23 1 0
1986 66 18 4 42 8 0
1987 79 13 b 52 4 1
1988 76 8 o 82 10 3
1989 n 12 1 67 9 1
1990 91 20 7 67 10 4
1991 49 9 b | 64 10 o

Standards (35 IL Adm Code 302).
Lake Michigan: geometric mean <= 20/100mL.

p General Use: geometric mean <= 200/100mL and no more than 10% of

samples > 400/100mL.

Criterion for closing beaches (IDPH, 1987).
Consecutive samples >500/100alL.
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4.1.12. Added Costs to Agriculture or Industry

According to the UC (IUC, 1991), additional costs required to treat waters prior to
agricultural or industrial use indicate an impaired use. Information on added costs for
treatment of water from the Waukegan ESA for industry is not available. There is no
agricultural use of water from the Waﬁkegan ESA.

4.1.13. Degradation of Phytoplankton and Zooplankton Populationi

Phytoplankton communities in Lake Michigan near Waukegan were monitored by
Commonwealth Edison between 1972 and 1974 (CEC, 1972; CEC, 1973; CEC, 1974).
Overall, 349 genera representing six algal divisions were identified in samples taken from
Lake Michigan between Zion and Waukegan. Dominant phytoplankton by number were

Stephanodiscus binderanus and S. hantzchii vel tenuis and by volume was Rhizosolenia

SOCOSIs.

Zooplankton populations also were monitored by Commonwealth Edison (CEC, 1972; CEC,
1973; CEC, 1974). Generally, cladocera dominated zooplankton catch and the dominant

species observed was Bosmina longirostris.

McNaught et al. (1980) investigated the effects of PCB concentrations on photosynthesis of
phytoplankton. Photosynthesis was found to be inhibited 5.7 percent when phytoplankton
was exposed to PCB concentrations of 5 ng/L. Likewise, photosynthesis inhibition was
determined to be 8.9 percent and 18.9 percent for PCB concentrations of 100 ng/L and 500
ng/L, respectively. PCB concentrations of Sng/L are comparable to concentrations in open
water areas of Lake Michigan and PCB concentrations of 500 ng/L are comparable to those
in Waukegan Harbor.

Protozoan community response to Waukegan Harbor sediments was examined by Ross et
al. (1988) in-situ and in laboratory tests. Sediment contamination within slip 3 was found
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to significantly alter the structure of indigen rotozoan communities. This result was
confirmed through laboratory test results. Impacts to protozoan communities were found
to be greater within lower portions of the water column where suspension of particles which

carry taxic chemicals was probably greater.

The studiss of Ross ot al. (1988) and Risstti et al. (1990) show that the photosynthesis
of the green alga Selenastrum gipricornniugy was inhibited by sediment elutriates from

several sampling sites within the harbor. Burton ot al. (1989) reported toxicity to

Daohaia magna, Ceriodsphpls dubis and $, capricomutum whes these organisms were
exposed o sediments or sediment elutriates from the inner harbor, Also, Marking et

al. (1981) observed water flas (probably Daphnis magns) mortalities of 100 percent
from some sediment suspension sarples taken from ths Harbor.

1ne urbanized and industrial nature of the Waukegan lake shore has significantly altered
the potential for terrestrial wildlife habitat in the ESA. Development of the ESA is
documented as early as 1885 and included two tanneries, two breweries, several mills, and
a mattress factory (Sanborn, 1885). Industrial use of the ESA continues presently and
provides an important economic base for the Waukegan area. The terrestrial habitat which
remains in the Waukegan ESA is predominately located in the portion of the ESA which
intersects Illinois State Beach Park. Since the harbor is a man-made structure which was
constructed for industrial purposes, its value for wildlife and fish habitat is limited.

In nearshore Lake Michigan areas, both fish and wildlife habitat are impacted through
s;dimcm accumulation and contamination. Fish spawning and rearing habitat and avian
foraging habitat have been zdvorsely impacicd according 10 the U.S. Department of the
Interior Fish and Wildlife Service (Millar, 1991). Sediment accumulation may bury
spawning and shelter areas used by small or immature fish. PCB concentrations of 10 ng/L
have been associated with a 20 percent increase in the mortality of lake trout fry (Willford,
1980). In addition, Mac (1988) reported decreased hatching of lake trout eggs after
exposure to PCBs.
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to significantly alter the structure of indigenous protozoan communities. This result was
confirmed through laboratory test results. Impacts to protozoan communities were found
to be greater within lower portions of the water column where suspension of particles which

carry toxic chemicals was probably greater.

4.1.14. Loss of Fish and Wildlife Habitat

The urbanized and industrial nature of the Waukegan lake shore has significantly altered
the potential for terrestrial wildlife habitat in the ESA. Development of the ESA is
documented as early as 1885 and included two tanneries, two breweries, several mills, and
a mattress factory (Sanborn, 1885). Industrial use of the ESA continues presently and
provides an important economic base for the Waukegan area. The terrestrial habitat which
remains in the Waukegan ESA is predominately located in the portion of the ESA which
intersects Illinois State Beach Park. Since the harbor is a man-made structure which was

constructed for industrial purposes, its value for wildlife and fish habitat is limited.

In nearshore Lake Michigan areas, both fish and wildlife habitat are impacted through
sediment accumulation and contamination. Fish spawning and rearing habitat and avian
foraging habitat have been adversely impacted according to the U.S. Department of the
Interior Fish and Wildlife Service (Millar, 1991). Sediment accumulation may bury
spawning and shelter areas used by small or immarure fish. PCB concentrations of 10 ng/L
have been associated with a 20 percent increase in the mortality of lake trout fry (Willford,
1980). In addition, Mac (1988) reported decreased hatching of lake trout eggs after
exposure to PCBs.
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42. LAKE MICHIGAN WATER QUALITY

The water quality of the Illinois shore of Lake Michigan has improved substantially since

the 1970’s. In the early 70’s total phosphate and ammonia concentrations were routinely
above Lake Michigan water quality standards. The trophic status of the Illinois shore has
improved from mesotrophic/eutrophic to oligotrophic conditions based on total phosphate.
In the open lake, fecal coliform counts have generally been low and uniform since 1970,
indicating excellent conditions for swimming. Conductivity measurements and chloride and
sulfate levels have fluctuated over the past 11 years but have generally been within water
quality standards. Toxic substances including metals and organic compounds have generally
been below detection levels and well below water quality standards (IEPA, 1990).

Water samples were collected at seven stations in the Waukegan ESA on November 14,
1990 (Figure 4.3.). Results, presented in Tables 4.6. and 4.7., were compared to appropriate
Illinois water quality standards including Lake Michigan, Public Water Supply and General
Use Standards (35 IL Adm. Code 302).

Water quality conditions were worse in the upper harbor and tended to improve towards
the harbor mouth. A total of 48 standards violations involving 10 parameters were found
in the Waukegan Harbor area. The most serious problems were with ammonia, cyanide,
phenols and dissolved oxygen.

Upper harbor (QZ0O01), slip number one (QZP01) and central harbor (QZQ01) each bad

nine standards violations. Eight violations were found near the boat ramp (QZRO1), five
each at harbor channel (QZS01) and new harbor (QZT01) and three at North Beach
(QZNO1). Total phosphorus, total ammonia and sulfate were found to be in violation at all
seven stations; dissolved oxygen percent saturation and conductivity at six stations; chloride
and phenols at four stations; . pH and cyanide at three stations and fecal coliform at one
station.
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Figure 43. Water and Sediment Sampling Locations (Sampling conducted for the
Waukegan RAP on November 14, 1990).
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Table 4.6.  Water Quality in the Waukegan Harbor Area, November 14, 1990. (Concentrations are in parts per million unless
otherwise noted. Samples were collected and analyzed by the lllinois EPA).

North Besch Upper Nerbor Slip wo. 1 Central Merbor Soat Resp Narbor Channel New Marbor
Parameter Standard QzNot Q2001 azro1 Q2001 QIR01 01501 (P4 {}]
Vater Temperature (C) .- 7.7 7.4 7.3 1.3 6.4 6.0 6.5
pH (units) 7.0-90a 7.8 6.7° 6.6 * 8.7+ 7.0 T 7.4
Dissolved Onygen 5.0¢ 1.2 5.9 6.0 8.6 8.7 9.4 10.0
00 Percent Saturation 9 9.6 50.9 ¢ S1.7 56.9 ¢ .1 9.7 8%.0°*
Conductivity (uS/cm) # 300 o 265 Mo * LY L 339 ¢ 339 ¢ 304 ¢ 306 ¢
Totsl Phosphorus 0.007 o 0.023 ¢ 0.020 * 0.020 * 0.019 ¢ 0.017 ¢ 0.019 * 0.011 *
Total Ammonie 0.02 » .04 @ 0.82 ¢ L2 52 29 a2 .09 ®
tUn-fonized Ammonia 8 0.04 ¢ 0.000 0.001 0.000 0.000 0.000 0.000 ' 0.000
Total Kjeldehl Nitrogen .- 0.3 1.1 0.9 0.8 0.5 0.4 0.3
Nitrite » Nitrate .- 0.26 0.29 0.30 0.30 0.31 0.29 0.3
coo . a3 16 "% 1% 12 13 "
Turbidity (NTL) .- 22 8.4 9.1 91 7.3 16.4 9.5
Total Suspended Solids .- 3% 5 4 é [ ] 18 é
Volstile Solids .- é F4 3 3 ) ] 6 4
Chioride 12 1" 18 ¢ 1 16 * 19 1" 12
Sulfate N 26 * 32 32 3. 32 20 * 29
Cyanide 0.022 ¢ 0.005 0.050 * 0.040 * 0.030 * 0.010 0.010 0.00% K
fluoride t.4¢c 0.09 0.1% 0.1 0.1 0.13 0.1 0.10
Phenots (ug/L) 1.0b Sk 43 ¢ 2 * 19 @ b I Sk Sk
Fecal Coliform (Mo./100ml) 204s 10 18 20 20 &0 ¢ 18 S0 x
® Lake Michigen Standerd (35 IL Adm Code 302)
b Public Water Supply Standerd (35 IL Adm Code 302)
¢ General Use Stenderd (33 IL Ade Code 302)
K Less than
* Violated Stendard
# Conductivity x 0.6 = 108 (mg/L)
8 Calculated
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Table 4.7. Water Concentrations of Metals (total) in the Waukegan Harbor Area, November 14, 1990. (Samples were
collected and analyzed by the lllinois EPA).

North Besch Upper Harbor stip No. 1 Central Nerbor Scet Ramp Nerbor Chennel New Harbor

Parameter Standard QINOY Q2001 Q2P0 01001 14 1)) 01501 02101
Calciun (mg/L) .- 42 43 45 44 43 42 42
Megnesium (mg/L) -- 1% 1% 14 1% " 113 13
Potessium (mg/L) - 1.3 2.9 .7 2.1 2.7 1.2 3.0
Sodium (mg/L) - 10.0 17.0 17.0 16.0 19.0 12.0 11.0
Hardness (mg/L) ¢ .- 165 169 168 167 170 162 159
Aluminm (ug/L) -- ors 247 3 290 27 49 a2
Arsenic (ug/L) 50 o 1K 7 b 4 2 2 1
Barium (ug/tL) 1000 » 25 27 27 27 F14 25 24
Beryliium (pg/L) -- 0SS K 0.5 K 0.5« 0.5« 0.5k 0.5 K 0.5«
Boron (ug/L) 1000 b S0 K 80 64 54 b3 50 x $0 x
Cadmium (ug/L) 10 3k 3k 3k [} 3K S 3k
Chromium (ug/L) 50 ¢ Sk S K SK S K Sk H SK
Cobalt (ug/L) - b2 5K Sk 14 b N 4 Sk S K
Copper (ug/L) ot b 6 b3 4 b 5K S« S. 6
lron (ug/L) .- 1015 (Y34 486 446 M3 691 k74
Lead (ug/L) 50 » S0 X 100 « 30 « 100 & S0 K 100 & S0k
Mengsnese (ug/L) 150 » 25 42 42 39 22 23 9
Mercury (ug/L) 0.50b 0.05 x 0.05 K 0.05 K 0.05 K 0.0% X 0.05 K 0.05 K
Mickel (ug/L) 1000 b $K 9 S K 21 10K 20 Sk
Silver Cug/L) Sb b 3k S K JK 3k Jk $ K
Strontium (ug/L) .- 129 148 114 143 wr 1% 134
Venadium (pg/L) -- é S« b I 4 Sk Sk Sk $K
2inc (ug/b) 1000 b 138 S0 K 100 K 130 50 K 100 K S0 K

Public Water Supply Stendsrd (35 IL Adw Code 302)

General Use Standerd (35 IL Adm Code 302)

Calculated

Less Than

Violated Standard

** Depends on Nerdness; Acute Copper = ¢(0.9422(n(Nardness)-1.464)

sROOTE
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Water samples were scanned for thirty-eight volatile organic compounds, eighteen
organochlorine pesticides, PCBs and pentachlorophenol. A complete list of compounds is
presented in Appendix B. Pentachlorophenol and xylenes were the only compounds
detected. There are no Illinois water quality standards for these two compounds. The
concentrations of pentachlorophenol were at the detection le(rel (0.01 ug/L) and well below
USEPA's acute criterion of 55 ug/L (USEPA, 1986). Xylenes were detected in central
harbor (39 wg/L), upper harbor (62 ug/L) and slip 1 (64 ug/L). Additional compounds
were detected but could not be identified and were reported as aliphatic hydrocarbons (3
kg/L to 64 ug/L) and other organic compounds (4 ug/L to 50 ug/L). Highest levels of
these compounds were found in slip 1 and upper harbor.

This recent sampling was compared with results from five Lake Michigan North Shore
stations sampled in May and September, 1990 (Tables 4.3. and 4.8.). These stations are
located from one to six miles off-shore between Waukegan and Chicago. All of the Lake
Michigan mean values were well within standards, while Waukegan Harbor mean values for
dissolved oxygen, conductivity, total phosphorus, total ammonia, chloride, sulfate, phenols
and fecal coliform were in violation. The most substantial difference was total ammonia
which was 37 times higher in Waukegan Harbor than in Lake Michigan. Other parameters
which were at least twice as high in Waukegan Harbor than in Lake Michigan were iron,
aluminum, TSS, turbidity, manganese, phenols, phosphorus, cyanide, COD, TKN, fecal

‘% coliform, sodium, and potassium. Organic compounds were not detected in offshore Lake
Michigan.

43. SEDIMENT QUALITY

Sediment samples were collected for chemical analyses on November 14, 1990 at seven
stations in the Waukegan ESA (Figure 4.3.). Results for metals, cyanide, nutrients, COD,
and volatile solids are presented in Table 4.9. Sediment samples were scanned for seventy
semi-volatile organic compounds, nineteen organochlorine pesticides, and PCBs. A
complete list of organic compounds and the USEPA methods used for their analysis
(USEPA, 1990b) is presented in Appendix C. Organic compounds which were detected are
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Table 4.8. Comparison of Mean Metals (total) Concentrations in Water from the
Waukegan Harbor Area and Lake Michigan, 1990. (Samples were collected
and analyzed by the Illinois EPA).

Waukegan Harbor Lake Michigan
Parameter Standard Area (1) North Shore (2)
Calcium (mg/L) b 44 36
Magnesjium (mg/L) - 14 11
Potassium (mg/L) -— 2.3 1.0
Sodium (mg/L) - 14.8 5.6
Hardness (mg/L) 3 - 166 134
Aluminum (ug/L) - 360 53
Arsenic (ug/L) S0 a 3 1K
Barium (ug/L) 1000 a 26 20
Beryllium (ug/L) - 0.5 X 0.5 K
Boron (ug/L) 1000 b 54 S0 K
Cadmium (ug/L) 10 a 3K 3K
Chromium (ug/L) SO0 a S K s K
Cobalt (ug/L) - 5K 5K
Copper (ug/L) =t b S 6 K
Iron (ug/L) - 539 50 K
Lead (ug/lL) 50 a 71 K 50 K
Manganese (ug/L) 150 a 29 $ K
Mercury (ug/L) 0.5 D> 0.05 X 0.08 X
Nickel (ug/L) 1000 b 11 8 X
Silver (ug/L) 5b 4 X 3 K
Strontium (ug/L) - 140 124
Vanadium (ug/L) - S K S K
2inc (ug/L) 1000 b 88 KX SO K
1 Seven stations, November,1990.
2 Five stations (1N, 3N, 5N, 7N, 9N), May & September, 1990.
3 Calculated
a Public Water Supply Standard (35 IL Adm Code 302)
b General Use Standard (35 IL Adm Code 302)
K Less than
* Violated Standard

, "* Depends on hardness; acute copper = €({0.94221n(hardness)-1.464]).
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Table 4.9.  Unsieved Sediment Concentrations in the Waukegan Harbor Area, November 14, 1990. (Concentrations are in
parts per million unless otherwise noted. Samples were collected and analyzed by the lllinois EPA).

North Beach  Upper Narbor Stip Mo, 1 Centrel Narbor Sost Ramp Narbor Chennel New Nerbor

Paramster ool Q2001 Q2P0 eza01 Qznot az301 azrvol
Arsenic L) 1 13 23 én 0N 4n
Barium on 2 I 43N aTn Mun an
Cadmium 1K 124 7w 12N 1k 1o 1
Chromium “n 90 ¥ 7N a8 N 2N un s
cop 39200 o 117650 ¥ T7648 B 91000 » 24900 N 42600 N 23600 ¥
Copper 2 160 o SI N 8 N 6" SO 30N
Cysnide 0.52 1.2k 2.4 K 3.3k 0.65 K 0.87 k .30 '
Iron 3200 » 26000 » 14000 ¥ 20000 M 9000 N 10000 N 12000 ¥
Kjeldshl Nitrogen 60 K 2500 n 900 ¥ 1700 N 7. 1w 450 n
Lead 10« H“on 12000 ¥ 120 4 9N 60N 10000 ¥
Nanganese % N 460 N N 450 n 220 M 480 N 24n
Mercury 0.1« 0.40 ¥ 0.9 n 0.4 u 0.1k 0.13 0.1k
Nickel SK 26 M 30N 21N L ] 6w 400 0
Phosphorus 329 826 N 350 %S N 202 w 428 N S10n
Potassium 1000 x 1900 1000 1500 1000 K 1300 1000
sSilver 1k 1K 13 1k 1« 1k 10
Volatile Solids (X) 2.3 n 9.8 % 7.3 8.3 n 42 M 4.8 N 2.2n
Zinc 20 0 200 ¥ s . 210 100 M 1300 15
Sediment Ciossifications (USEPA, 1977)

K = Less Than

N = Nonpol luted

A » Noderately Poliuted

N = Neavily Polluted

* = Lower limits not established
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listed in Table 4.10. This table includes compounds which were detected but could not be
identified. These compounds were reported as aliphatic hydrocarbons, aliphatic ketones,
or other organic compounds. Results in these tables were compared with guidelines for the
pollution classification of Great Lakes harbor sediments (USEPA, 1977) and with sediment
results from the Illinois/Indiana area of Lake Michigan.

The upper harbor (Station QZ001) had the highest number of parameters signifying "heavy
pollution” with 11 followed by central harbor (QZQ01) with 8, slip 1 (QZP01) with §, new
harbor (QZQO1) with 3 and the harbor channel (QZS01) with 1. The area near the boat
ramp (QZR01) bad no parameters signifying heavily polluted conditions, but it did have 5
parameters showing moderately polluted conditions. North Beach (QZNO01) wés classified

as nonpolluted for all parameters.

Heavily polluted levels of arsenic and lead were found at four stations; cadmium and copper
at three stations; chromium, zinc, nickel, COD and volatile solids at two stations; and
cyanide, iron, phosphorus and Kjeldah! nitrogen at one station. Moderately polluted levels

of barium were found at six stations; and manganese and PCBs at three stations.

Waukegan Harbor sediment results were compared with results from Lake Michigan, Lake
Calumet and five harbors in Illinois and Indiana collected between 1981 and 1990 (Table
4.11.). Only seven parameters (Cd, Cr, Cu, Pb, Mn, Zn, PCBs) were analyzed at all six
harb’ors and Lake Michigan. Waukegan Harbor had samples with the most parameters
classified as heavily polluted with six (Cd, Cu, Pb, Mn, Zn, PCB:s), followed by Indiana
Harbor and Great Lakes Naval Training Center Harbor with four (Cu, Pb, Mn, Zn), Lake
Calumet with four (Cr, Cu, Pb, Zn), Calumet Harbor with three (Pb, Mn, Zn), Chicago and
Wilmette Harbors with one (Pb and Mn respectively) and none in Lake Michigan. The
highest levels of PCBs, lead and cadmium were found in Waukegan Harbor sediments.

Work done in 1985 and 1986 by Ross et al. (1988) found that the highest levels of PCBs in
Waukegan Harbor are in slip 3 (maximum = 17,251 ppm), and that concentrations generally
decreased towards the harbor mouth. Sampling by IEPA in 1990 also showed this decrease
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Table 4.10. Unsieved Sediment Concentrations of Organic Compounds Detected' in the Waukegan Harbor Area, November
14, 1990. (Concentrations.are in parts per million. Samples were collected and analyzed by the lllinois EPA).

North Beach Upper Harbor Slip No. 1 Central HNarbor Soat Ramp Narbor Chennel New Narbor

Parsmeter azNgt Qzo01 Qzpo Q2001 a0l a2%01 azIo

pcas 0.010 x 9.000 W 4.600 0 1.900 N 0.200 & 0.260 ¥ 0.037 » ;

&-Nethylphenol 0.5« 0.5 K 0.5« 0.62 03« 05K 0.5 K ‘

Bis(2-Ethylhexyl )Phthalate 0.5« 0.69 0.5« 0.5« 0.5 K 1.1 0.5 K

fluoranthene 0.5 K 0.5 K 0.62 0.5« 0.66 0.5k 0.5k

Pyrene 0.5k 0.58 0.6% 0.5« 0.63 0.5k 05K |

Al iphstic Nydrocarbon ** 0 70 * % * 18 1.6 ‘1.8 "0

Aliphatic Ketone ** o "o ] o 0.55 * w ‘WD

C3-Substituted Benzene )] 0.95 * ND ) ND w [

Cé-Substituted Senzene ND 6.1 * 3.0 1.0 ND [ [

CS-Substituted Senzene NO 2.8 1.8 NO NO N0 w

Dimethyl Nephthalene # )] ) 0.78 ¢ ) o No w

Methy! Naphthalene # NO NO 0.7  » L] NO w w

Ethyl-Dimethyl-Pentane # ND 1.5 * L) o ) () w

Nethyl Pentane # )] 0.60 * 0.59 ¢ ) ] w w0

Tetramethyt Pentane # )] 15 ¢ 7.2 * ] w0 0 w0

Other Orgenic Compounds °* 2.8 16 9.1 6.9°* 0.63 * 1.3 9.6 *

* Approxisete Quantitstions Classification Guidelines (USEPA, 197T)

*® Could not be identified N = Nonpol luted

# Tentatively identified N » Moderstely Polluted

K = Less Than & s Heavily Polluted

ND = Not Detected

(1) A priority poilutant scan was done for 90 organic compounds, see Appendix 2 for complete list,
|
i

! |
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Table 4.11. Comparison of Mean Concentrations of Various Parameters in Unsieved Sediments from the Illinois Area of
Lake Michigan. (Concentrations are in parts per million unless otherwise noted.)

Waukegan Grest Lakes

Nerbor Vaukegen Naval Training Vilmette Chicego Calumet Lake Indiane Leke
Ferameter Ares (1) Nerbor (2) Center Harbor (3) Harbor (3) Warbor (4) Harbor (5) Calumet (6) Narbor (7) Michigen (8)
volatile Solids (X) S6M -- 44N 4.6 N 4.3 8.8 .- 3én 2.3 m
Kjeidahl Nitrogen 85t N - 1210 | 1060 W T60 N a2 .- 946 N S92
Phosphorus 456 N -~ 348 » 229N 217 » 05 n 20.0 478 N Fed N |
cw 6237V n .- 46000 B 48850 n $3333 B T2500 N - 98000 8 4TO00 W
Arsenic ®WH .- an én 36N 4L.7n 29.8 1 20N T4 N
Barium 3N 203 M -- . .. .- .. .- .-
Cadmium 5.0* 80N 1.2 0.4 * 30° 3.0 1.8 ¢ 0.3k 0.5 K
Chromium 43N Sw 23N 13N BN n T76.7 A an ”wn
Copper bl ] 1064 % Y] 30 Lol ] n S7T.S % 1ton 23 n
Leed 3196 202 W 134 n N« 107 « 1320 187.0 8 120N nn
Nanganese 260 M s3I 589 M S37 u 490 N TN -- 970 N 430 M
Mercury 0.19n .- 0.32 M 0.18 M 0.34 N 0.38 .- 0.13 0 0.03 0
Nickel 1"ra nm. -- .- .- .. a.6n . .-
PCls .29 m W26 W 0.225 0.070 u 0.133 & 0.58% .- 0.400 & 0.01T »

(1) 1EPA, 1990, seven samples, includes samples from Weukegen Warbor (except slip no. 3), New Nerbor and North Sesch.
(2) Metals 23 samples (Risetti et al, 1990); PCBs 18 semples (Ross et ol, 1988), (includes samples from slip no. 3).
(3) Three somples (City of Chicego and 1EPA, 1985). '

(&) Three sevples (Stations 1S, 16, 17), (U.S.Army Corps of Engineers, 1981).

(5) Four semples (Stations 1, 2, 3, 4), (U.S. Army Corps of Engineers, 1981).

(6) Thirty-seven samples (Ross et ol, 1988)

(7) One sample (City of Chicago end 1EPA, 1981).

(8) Eight samples (Stations 5A, SH, 5J, N, TN, 28, 58, 7S), (City of Chicago snd IEPA, 1981).

Sediment Classification (USEPA, 1977)
N = Nonpoliuted

M = Hoderstely Polluted

H = Heavily Polluted

*  Lower limits not established

K = Less Than
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in PCB concentrations away from slip 3, although slip 3 was not sampled. A comprehensive
discussion of the PCB contamination in Waukegan Harbor can be found in the settlement
agreement between the United States of America and the People of the State of Illinois
with Outboard Marine Corporation (U.S. District Court, Northern District Eastern Division,
Civil Action No. 78-C-1004, April 1989).

A 1987 Waukegan Harbor study by Risatti et al. (1990) found the highest levels of lead (420
ppm) and cadmium (50 ppm) in slip 1. Much higher levels of lead were found in slip 1
(12,200 ppm) and New Harbor (10,000 ppm) by IEPA in 1990. The highest cadmium
concentration (12 ppm) in 1990 was found at upper and central harbor stations.

Available information on biological effects of sediments is limited. Present guidelines used
for the pollution classification of Great Lakes harbor sediments (USEPA, 1977) are not
based on known toxic response but rather on deviations from "normal® concentrations.
Sediment classifications in Illinois lakes and streams by Kelly and Hite (1981 and 1984) were
developed much the same way. Ross (1991) reviewed a report by Long and Morgan (1990)
who compiled data from all available studies that report a minimum sediment concentration
of a contaminant required to produce a biological impact. Long and Morgan arranged
sediment concentrations in order from lowest to highest and took the 10th percentile and
S0th percentile and termed these points the Effects Range - Low (ER-L) and Effects Range-
Median (ER-M). The ER-M indicates that adverse biological effects occur over half the

time. This procedure was done for zinc, cadmium and lead.

Ross (1991) compared data from Long and Morgan (1990) with Waukegan Harbor sediment
data from Risatti et al. (1990; Appendix D). Results are summarized in Table 4.12.
According to Ross (1991) the greatest hazard to aquatic life is from lead. Zinc also presents
a clear hazard, while there are possible hazards from cadmium. Ross (1991) also indicated
that metals toxicity is additive. In order to approximate the relative additivity of toxic
potential at each station, Ross calculated the ratio of zinc, cadmium and lead concentration
to the ER-M value for that metal at each of the 23 stations sampled by Risatti et al. These

ratios were then summed to give an additive estimate of the hazard to aquatic life from
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Table 4.12. Comparison of Lead, Zinc and Cadmium Concentrations in Waukegan
Harbor Sediments with Effects Range Levels from Long and Morgan (1990).

Waukegan Harbor (1) Waukegan Harbor Area (2)
23 Stations 7 Stations

LEAD (MG/KG)

Minimum 36 <10
Maximum 420 12000
Mean 202 3196
Number >35 (BR-L) 23 6
Number >110 (ER-M) 18 4

ZINC (MG/KG)

Minimum 81 15
Maximum 370 280
Mean 214 110
Number >120 (ER-L) 12 3
Number >270 (ER-M) 7 1

CADMIUM (MG/KG)

Minimum <1.3 <1.0
Maximum 50.0 12.0
Mean 8.0 5.0
Number >5.0 (ER-L) 7 3
Number >9.0 (ER=-M) 4 2

(1) Risatti et al (1990)
{2) IEPA (1990)

ER-L = Effects Range Low (bioclogical effects 10% of the time).
ER-M = Effects Range Median (biological effects 50V of the time).
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those three metals. Based on these sums it appears that the most severe metal
| contamination is in the northern part of Waukegan Harbor and in slip 1. Data collected by
IEPA in 1990 also suggests that lead is the greatest problem compared t6 zinc and cadmium
(Table 4.12.), and that slip 1 and New Harbor have severe sediment contamination. A
discussion of bioaccumulation of PCBs in fish follows in part 4.4. of this report.

4.4. FISH FLESH CONTAMINATION

On a lakewide basis PCBs and chlordane are the constituents of primary concern. Eighty-
nine composite fish samples were collected from the Illinois shore of Lake Michigan from
1986 through 1989. U.S. Food and Drug Administration (USFDA) action levels for PCBs
(2.0 ppm) and chlordane (0.3 ppm) were exceeded in 12.4 percent and 11.2 percent of these
samples, respectively. Concentrations exceeding action levels were found in lake trout over
23 inches, brown trout over 22 inches, chinook salmon over 36 inches, and carp over 33
inches. PCBs ranged from 0.10 to 18.0 ppm (mean = 1.48) and chlordane ranged from 0.02
to 0.69 ppm (mean = 0.13). Table 4.13. summarizes trout, salmon and perch data for 1986
through 1989 and Tables 4.14., 4.15,, 4.16., and 4.17. contain individual sample results for
the same period. It should be noted that, while the Waukegan ESA certainly is a source of
PCBs in fish flesh, chlordane concentrations are below detection limits throughout the ESA,
including Waukegan Harbor. |

Advisory information is made available to the public through news releases, pamphlets such
as "Guide to Illinois Fishing Regulations" (published by the IDOC and available at the time
of purchasing a license) and "Guide to Eating Illinois Sport Fish" (published by the IEPA
and available upon request - IEPA, 1991b).

Participating state agencies and departments coordinate Lake Michigan advisories with other
states sharing its border as required by the Toxic Substance Control Agreement signed by
each of the Great Lake States Governors. Based on data from all the participating states,

the Lake Michigan advisory provides uniform recommendations throughout the lake.
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Table 4.13. Concentrations of Chlordane and PCBs in Trout, Salmbn and Perch Fillets

from the Illinois Area of Lake Michigan, 1986 to 1989.

1986 1987 1988 1989
LAKE TROUT
Mean Chlordane (mg/kg) 0.17 0.29 0.49 + 0.19
Mean PCBs (mg/kg) 3.81 2.58 ~ 1.76 1.79
Mean Length (inches) 23.7 22.7 24.0 22.8
BROWN TROUT
Mean Chlordane (mg/kg) 0.05% 0.12 0.25 0.12
Mean PCBs (mg/kg) 2.22 0.94 1.18 1.63
Mean Length (inches) 20.2 18.0 21.1 21.2
RAINBOW TROUT
Mean Chlordane (mg/kg) 0.04 0.14 0.14 0.08
Mean PCBs (mg/kg) 0.72 0.96 0.65 0.65
Mean lLength (inches) 19.6 19.4 21.0 20.0
CHINOOK SALMON
Mean Chlordane (mg/kq) 0.22 0.17 0.20 0.09
Mean PCBs (mg/kg) 4.60 1.47 1.04 1.04
Mean Length (inches) 30.0 30.0 31.0 23.6
COHO SALMON
Mean Chlordane (mg/kg) 0.03 0.06 - 0.08
Mean PCBs (mg/kg) 0.69 0.30 - 0.62
Mean Length (inches) 23.4 23.3 - 24.1
YELLOW PERCH
Mean Chlordane (mg/kg) - 0.02 X 0.02 K 0.02 K
Mean PCBs (mg/kg) -— 0.10 X 0.10 X 0.11 X
Mean Length (inches) - 8.9 - 9.4
* Exceeds USFDA Action Level (0.30 mg/kg chlordane; 2.00 mg/kg PCBs)
K = Less than
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Table 4.14.  Concentration of Organochlorine Compounds in Lake Michigan Fish Fillet Cumposite Samples From the lllinois
Area of Lake Michigan, 1986.

Mean Mean Heptachlor
No. Fish Fish Weight Length A Chlordane DDT Dieldrin Epoxide PCBs
Samples Date In Sample Species {1lbs) {inches) Pat (mg/kg) (mg/kg) (mg/kg) (mg/kg) {mg/kg)
1. 10/1 5 LT 4.19 23.36 11.0 0.13 0.70 0.17 0.03 2.60
2. 10/1 5 LT 8.68 28.52 20.0 0.33 3.10 0.29 <0.01 7.90 !
3. 10/1 3 LT 2.20 19.13 5.2 0.05 0.23 0.06 <0.01 0.93
4. 10/6 1 BT 15.42 29.40 12.0 0.12 1.30 0.19 0.03 6.10
5. 10/6 S CHO 4.08 22.24 1.7 <0.02 0.15 0.01 <0.01 ‘ 0.37
6. 10/8 3 BT 2.46 16.87 3.6 «<0.02 0.16 <0.01 <0.01 0.94
7 10/8 5 CHO 1.94 17.04 1.7 <0.02 0.04 <0.01 <0.01 0.15 ;
8. 10/9 2 BT 5.07 22.20 5.0 0.06 0.42 0.07 <0.01 2.70 ‘
9. 10/9 S CHO 20.38 36.61 13.0 0.48 4.70 0.33 0.04 11.00
10. 10/14 H BT 1.45 14.00 4.5 0.02 0.21 0.03 <0.01 0.65
11, 10/14 3 RBT 1.95 17.73 6.5 <«<0.02 0.05 0.02 <0.01 0.24
12. 10/14 7 CHN 12.27 33.37 0.9 0.08 0.66 0.02 <0.01 1.60
13, 10/17 5 RBT 6.32 22.39 9.9 0.04 0.10 0.05 <0.01 0.45
14. 10/17 S CHO 6.85 26.40 1.2 0.03 0.28 0.01 <0.01 0.73
15, 10/21 1 RBT 12.22 27.20 8.4 0.06 0.24 0.08 «<0.0} 0.76
16. 10/29 3 RBT 0.99 11.00 5.5 0.07 0.58 0.06 <0.01 2.00
17. 10/29 1 CHO 6.94 28.00 1.2 0.06 0.38 0.02 <0.01 1.50
18. 10/29 2 CHN 3.52 20.20 1.3 0.10 0.50 0.03 <0.01 1.20
19 10/6 3 BT 5.27 22.00 3.6 0.08 0.39 0.06 <0.01 1.30
20. 10/6 2 BT 2.04 16.40 4.3 0.02 0.27 0.03 <0.01 1.60
21. 11/24 1 RBT 3.85 19.80 4.9 <«0.02 0.04 0.02 <0.01 0.14
USFDA action level 0.30 5.00 0.30 0.30 2.00 |
H
Lr - Lake Trout .
Bl - Brown Trout . !
CHO - Coho Salmon o
CHN - Chinook Salmon
RBT - Rainbow Trout
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Table 4.15. Concentrations of Chlordane and Polychlorinated Biphenyls (PCBs) in Fish Fillet Composite Samples from
the Illinois Area of Lake Michigan, 1987.

Mean Mean Total Total
Date Fish No. Fish Length Weight Percent Chlordane PCBe
Collected Species in Sample (inches) (pounds) Fat (mg/kg) (mg/kg)
4/87 Alewife 25 6.9 0.1 4.9 0.0% 0.46
10/87 Brown Trout 3 12.1 0.6 3.0 0.07 0.65
9/87 Brown Trout S 18.9 3.3 7.2 0.14 1.20
9/817 Brown Trout 5 23.0 6.7 6.3 0.14 0.96
9/87 Carp 1 33.8 32.6 28.0 0.58 18.00
9/87 Chinook Salmon 6 22.5 4.7 2.5 0.14 0.68
9/87 Chinoock Salmon S 28.6 9.1. 1.4 0.13 0.69
9/87 Chinook Salmon 5 32.8 12.0 1.2 0.17 1.70
9/87 Chinook Salmon 6 36.3 16.4 1.9 0.23 2.60
9/87  Coho Salmon 5 16.3 2.1 1.5 0.06 0.35
9/87 Coho Salmon 5 23.3 4.4 3.7 0.04 . 0.21
9/87 Coho Salmon 5 25.6 5.6 1.7 0.08 0.25
10/87 Coho Salmon 3 28.0 6.8 1.1 0.07 0.38
8/87 Lake Trout 5 15.8 1.5 5.0 0.09 0.55
8/87 Lake Trout 5 23.7 4.6 12.0 0.19 1.60
8/87 Lake Trout 5 28.7 9.7 19.0 0.58 5.60
10/87 Rainbow Trout k| 11.9 0.8 5.1 0.15 1.00
10/87 Rainbow Trout 7 17.8 2.6 7.9 0.13 1.10
9/87 Rainbow Trout S 21.8 5.3 7.3 0.14 1.10
10/87 Rainbow Trout 5 26.0 7.6 6.0 0.113 0.64
6/87 Yellow Perch 10 8.9 0.3 0.4 <0.02 <0.10
USFDA Action it u! 0.30 2.00
Number above action level 2 3
Percent above action level 9.5 14.3
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Table 4.16. Concentrations of Organochlorine Compounds in Fish Composite Samples from the lllinois Area of Lake
Michigan, 1988. )

Hean Nesn Totel Heptachlor Total Total
Date No. Flish Length Weight Percent Chlordene  Dleldrin Epoxide 001 PCls |
Collected Location Specles in Sample Cinch) (ss) Lipid (mg/kg) (mg/kg) (mg/keg) (mg/kg) (mg/kg) |
4/19/88  vaukegan Werbor Alewife (w) 3 -- 0.1 5.4 0.03 0.06 0.01v 0.19 0.46
9/22/88 Multiple Brown Trout (f) b 1.1 1.2 5.7 0.13 0.02 0.01 v 0.30 0.80
10712/88  wultiple Sromn Trout (f) S 19.3 3.7 8.5 0.2 0.05 0.0l v 0.52 1.30
9720788 GLUTIC Marbor Srown Trout (f) b] 2.0 7.2 6.6 0.31 ¢ 0.0% 0.01 K 0.50 1.2
9722/88  multiple Srosn Trout (f) 5 aa 9.2 6.9 0.32 ¢ 0.05 0.01 x oen 1.40 ;
9/22/88 multiple Chinook Salmon (f) 5 23.2 4.5 2.1 0.10 0.02 g.01v 0.22 0.6% “
9/20/88  Multiple Chinook Seimon (f) S 30.0 8.4 1.0 0.18 0.0V 0.01 v 0.50 1.00 }
9720788 muttiple Chinook Saimon (f) S 34.0 12.0 1.8 0.18 0.02 0.0 v 0.44 0.83 ‘
9/27/88  wMultiple Chinook Salmon (f) b 36.9 16.5 1.7 0.32 ¢ 0.02 9.01 v e.M 1.70
8/10/88 Waukegan Nerbor Leke Trout (f) ] 18.7 2.1 6.1 0.17 0.05 0.0t U 0.20 0.59
9/17/88  usukegan Herbor Lake Trout (f) S 24.6 5.4 11.8 0.62* 0.4 0.04 o.n 1.50
8/712/08 Weukegen Harbor Lake Trout (f) b 28.7 8.2 15.7 0.69 * 0.14 0.03 1.10 3. 20+
11716/88  Diversey Nerbor Reinbow Trout (f) 1 12.2 0.8 4.6 0.10 0.02 0.01 X 0.18 0.40
12/06/88  Diversey Herbor Rainbow Trout (1) 1 21.0 3.9 6.3 o.18 0.04 8.01 « 0.33 ¢.01
9/22/88  wmultiple Reinbow Trout (f) S 23.6 8.7 8.5 0.13 0.0% 0.01 K 9.28 0.62
9/22/68 multiple Reinbow Trout (f) S 27.0 8.7 8.3 0.14 0.06 0.01 K 0.29 6.76
6/07/88 Foster Ave. Yellow Perch (f) 10 .- 0.3 0.6 0.02 X 0.01 K - 0.01 K 0.02 0.10 K
6/10/88 Loke Blutf Yellow Perch (1) 10 .- 0.4 0.5 0.02 x 0.0V K 0.0V 0.02 0.0 x
(1) = Fillets USFOA Action Level (mg/kg) 0.30 0.30 0.30 $.00 2.00
(w) = Vhole Mumber sbove action level S 0 0 0 1
U = Not detected Percent sbove action level .8 0.0 0.0 0.0 5.6
K = Actual value known to be less then value reported. Mean Concentration (mg/ke) 0.22 0.0% 0.01 0.40 0.97
* = Value exceeds USFDA Action Level. Standard Devietion 0.18 0.04 0.0? 0.28 0.72
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Table 4.17. Concentrations of Organochlorine Compounds in Fish Composite Samples from the lllinois Area of Lake
Michigan, 1989. .
Mean Meesn Totel Neptachlor Total Totel
Dete No. Fish Length Veight Percent Chlordene Dieldrin Epoxide 201 PCBs
Collected Location Species in Sample  (inch) (L8S) Lipid (mg/kg)  (mg/ks) (mg/kg)  (mg/ko) (wg/ke)
4719789 North Ave, Chicago Alewife (w) 25 6.8 0.1 10.1 0.05 0.06 0.0k 0.4 0.52
9/01/89 Multiple Sites Srown Trout (f) b 1.5 1.2 3.7 0.06 0.01 0.0k 0.1% 0.92
9/01/89 Multiple Sites Brown Trout (f) 4 19.3 5.3 6.7 0.4 0.05% 0.0 0.30 1.40
9701789 Multiple Sites Brown Trout (f) H 22.8 5.4 9.3 0.16 0.06 0.0 0.39 1.7
9/01/89 nultiple Sites Brown Trout (f) 5 28.0 10.1% r7.8 0.1 0.06 0.01K 0.4% 2.50*
4701789 NMultiple Sites Cthinook Salmon (f) 1 3.0 5.8 0.09 0.05 0.01K 0.32 0.87
4/05/89 Michigen City, Ind. Chinook Salmon (f) 1 20.7 3.1 4.1 0.03 0.02 0.01x 0.17 0.57
4705/89 Michigen City, Ind. Chinook Selmon (f) 1 21.4 3.4 7.6 0.08 0.05 0.00 0.35 1.3¢
4/05/89 Michigen City, Ind. Chinook Salmon (f) 1 21.8 34 T 0.06 0.04 0.01K 0.25 0.92
4705/89 Michigen City, Ind. Chinook Salmon (f) 1 23.3 5.0 7.7 0.10 0.04 0.01K 0.2% 1.10
4/705/09 Richigen City, Ind. Chinook Selmon (f) 1 23.8 4.6 9.0 0.18 0.06 0.02 0.70 1.60
4705/89 Michigen City, Ind. Chinook Sslmon (f) 1 24.7 4.6 2.8 0.08 0.03 0.0 0.2% 0.74
4705789 Michigen City, Ind. Chinook Selmon (f) 1 5.1 5.1 8.7 0.04 0.03 0.0k 0.12 0.33
4705/89 Michigen City, Ind. Chinook Salmon (f) 1 5.1 5.0 6.2 0.10 0.05 0.09 0.20 1.10
£705/89 Michigen City, Ind. Chinook Salmon (f) 1 2.3 4.8 r.0 0.12 0.03 0.01x 0.33 1.50
4/06/89 Michigen City, Ind. Chinook Salmon (f) 1 6.8 13.2 0.13 0.08 0.02 0.48 1.60
9701789 Multiple Sites Coho Salmon (f) b 18.6 2.9 4.1 0.05 0.01 0.01K 0.13 0.39
9/01/89 Muitiple Sites Coho Selmon (f) b 23.6 4.9 2.8 0.07 0.01 0.01K 0.19 0.66
9701789 Multiple Sites Coho Seimon (f) b 26.4 6.8 3.4 0.09 0.02 0.01K o0.21 0.66
9701789 Multiple Sites Coho Salmon (f) b 27.8 6.5 2.7 0.1 0.02 0.0 0.24 0.78
8/15/89 uaukegan Harbor Lake Trout (f) b 19.0 2.3 8.5 o0.08 0.04 2.0 0.20 1.3
8715789  usukegen Nerbor Lake Trout (f) S 1.7 3.2 4.2 0.07 0.02 0.01x 0.18 0.66
8/15/89 \sukegen Narbor Lake Trout (f) S 2r.7 r.2 14.4 0.43* 0.18 0.02 0.89 3.40°
9701789 Multiple Sites Rainbow Trout (f) 5 12.8 1.0 5.0 0.04 0.0k 0.01x 0.7 0.44
9/19/89 Multiple Sites Reinbow Trout (f) 1 17.4 2.1 3.7 0.02x 0.0k 0.0 0.04 0.13
10702/89 Multiple Sites Reinbow Trout (f) b 23.3 5.8 6.9 0.06 0.02 0.0k 0.20 0.44
9701789 Multiple Sites Reinbow Trout (f) 4 26.4 8.0 6.5 o.N 0.03 0.0« 0.49 1.60
6/07/89  Foster Ave. Yellow Perch (f) 10 9.4 0.3. 0.4 0.02¢ 0.0 0.0 0.0 0.10x
6/08/89 Lake Biuff Yellow Perch (f) 10 9.5 0.3 0.5 0.0 0.0k 0.01x 0.02 0.1
o
(f) = Fillets USFDA Action Level (mg/kg) 0.30 0.30 0.30 %$.00 2.00
(w) = Whole Mumber sbove action level 1 0 0 0 2
K = Actusl value known to be less than value reported. Percent sbove action level 3.4 0.0 0.0 0.0 6.9
¢ s Velue exceeds USFDA Action Level. Mesn Concentration (mg/kg) 0.09 0.04 9.01 0.27 1.02
$Stonderd Devistion 0.08 0.03 0.00 0.9 0.74
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By mid-1980, USEPA had completed two types of studies to determine the extent of PCB
contamination of fish in Waukegan Harbor. In the first, 16 random samples of fish collected
‘from the harbor averaged 18 ppm PCBs. All but three of these samples exceeded the old
5 ppm USFDA gm'déh'ne and all but one exceeded 2 ppm, the present guideline. Harbor
levels are higher than those found in the lake for the same species.

In a second study, uncontaminated fish were exposed for 30 days to water from slip 3 in the
harbor, and then placed in open lake water for an additional 84 days. The 30-day exposure
to the harbor water resulted in 20 ppm PCB levels in bluegills and 12 ppm levels in yellow
perch. Even after the 84-day exposure to cleaner open lake water, these levels did not drop
below 8 ppm (USEPA, 1981).

Although the determination of these concentrations was based upon analysis of the whole
fish, and the USFDA pguidelines refer only to the edible portions of the fish, the tests
strongly indicate that fish caught in Waukegan Harbor should never be eaten, and that fish
spending even short periods of time in the harbor should not be eaten except on an
infrequent basis (USEPA, 1981).

As a result of these studies the Lake County Health Department has posted signs in the
harbor which read "Eating fish caught in the North of Waukegan harbor may be dangerous
to your health”. The posting continues as of the date of this report (Figure 4.4.).

4.5. THREATENED AND ENDANGERED BIOTA

A 1total of sixteen plant and animal species are presently on the state endangered or
threatened species list in the Waukegan ESA (Table 4.18.). The list includes six bird and
nine plant species. All but the Common Tern are found within Illinois Beach State Park,
south of the Dead River. Common Terns nest at the Commonwealth Edison Waukegan
Plant. This is the only Common Tern nesting colony in Illinois.
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Figure 44. Posted Fish Consumption Advisory at Waukegan Harbor.
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Table 4.18. Listed Species Within the Waukegan ESA.

Last
Scientific Name Common Name Observed Status!
Euphagus cyanodephalus Brewer's blackbird 1987 T
Bartramia longicauda Upland sandpiper 1987 E
Ammodramus henslowii Henslow’s sparrow 1982 T
Podilymbus podiceps Pied-billed grebe 1982 E
Nycticorax nycticorax Black-crowned night heron 1983 E
Calopogon tuberosous Tuberous grass pink 1990 T
Carex garberi Sedge 1987 E
Carex crawei Crawe’s sedge 1988 T
Eleocharis olivacea Spikerush 1988 E
Platanthera clavellata Wood orchid 1977 E
Utricularia cornuta Horned bladderwort 1990 E
Utricularia minor Small bladderwort 1970 E
Salix syrticola Dune willow 1988 'E
Ammophila breviligulata Marram grass 1977 E
Populus balsamifera Balsam poplar 1990 E
Chamaesyce polygonifolia Seaside spurge 1977 E
Juncus alpinus Richardson's rush 1975 E
Carex viridula Little green sedge 1977 E
Orobanche fasciculata Clustered broomrape 1988 E
Sterna hirundo Common tern 1991 E
T = Threatened
E = Endangered
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There is no indication that contamination of Waukegan Harbor by PCBs or other chemicais
bas had an effect on these State-listed species, although no specific studies addressing such
effects have been done.. Within the Waukegan ESA it is likely that industrial and
commercial development of the Lake Michigan shore has reduced the abundance of some
of these endangered and threatened species by eliminating suitable babitats. Short of
removing such developments from the area, it is unlikely that restoration of those habitats
to any significant extent is possible.

Two state threatened fish, the longnose sucker and the lake whitefish, have been found near
the Waukegan ESA between Waukegan and Zion (CEC, 1972; CEC, 1973; CEC; 1974).
Longnose sucker was collected in 1972 and 1974, and lake whitefish was collected during

each of the three years.
4.6. MAJOR POLLUTANTS OF CONCERN (CAUSING THE IMPAIRED USES)

The USEPA recommends that the following yardsticks be used to designate Critical

Pollutants for Lake Michigan as additional information becomes available :

1.  a pollutant bioaccumulates in fish or wildlife tissue, resulting in a lakewide fish or
wildlife health advisory;

2.  a pollutant exceeds an enforceable water or sediment quality standard;

3. the trend in a pollutant concentration in fish tissue, sediments, or ambient water
suggests that safe concentrations, as established by State or Federal water or
sediment quality standards, by the Parties as Specific Objectives under the Great
Lakes Water Quality Agreement (GLWQA), or by using accepted risk assessment

procedures, will be exceeded; and/or
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4. a pollutant is present at sufficient locations and at fish tissue, sediment, or water
concentrations capable of violating State narrative quality standards prohibiting the
presence of substance in toxic amounts.

Pollutants of concern (Table 4.19.) in Waukegan Harbor include parameters which exceed

Illinois water quality standards, are classified as heavily polluted according to USEPA
sediment criteria (USEPA, 1977), and exceed USFDA action levels in fish. Those pollutants

which have not been directly linked to impaired uses associated with the Waukegan ESA

are considered possible potential causes, pending further investigation. For specific
information on water, sediment and fish contamination see Sections 4.2, 4.3., and 4.4,
reﬁpectively. Potential chronic health effects of selected pollutants of concern are presented ~
in Table 4.20.
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Table 4.19. Pollutants of Concern in the Waukegan Expanded Study Area.

Water Sediment Fish
Total Phosphorus PCBs! PCBs!
Total Ammonia Arsenic
Chloride Barium
Sulfate Cadmium
Total Dissolved Solids Chromium
Cyanide Copper
Phenols Iron
Dissolved Oxygen Lead
pH Manganese
Fecal Coliform Nickel
Phosphorus
Kjeldahl Nitrogen
Chemical Oxygen Demand
Volatile Solids
Cyanide

! Targeted as a lakewide pollutant of concern in the Lake Michigan Lakewide Management

Plan, Stage 1 (USEPA, 1991).
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Table 420. Potential Chronic Health Effects of Selected Pollutants of Concern (Stewart

et al., 1988).

Contaminant  Possible Chronic Heaith Effect

Arsenic skin and lﬁng cancer; liver and kidney damage

Asbestos lung cancer; gastrointestinal cancer when swallowed fibers
exceed 10 um

Barium hypertension and heart damage

Cadmium kidney damage =

Chromium liver, kidney, and lung damage

Copper anemia; digestive disturbances; liver and kidney damage

Lead brain and nerve damage, especially in children; kidney damage;
digestive disturbances; blood disorders; hypertension

Nitrogen ' methemoglobinemia in infants

PCBs cancer; liver damage

DRAFT, January 8, 1992 82




4.7. REFERENCES

American Public Health Association (APHA). 1980. Standard Methods for the
Examination of Water and Wastewater, 15® edition. American Public Health Association,
American Water Works Association, Water Pollution Control Federation, Washington, D.C.

Citizens Advisory Group (CAG). 1991. Minutes of the Citizens Advisory Group for the
Waukegan Area of Concern, April 11, 1991. Citizens Advisory Group, Waukegan, Illinois.

Cole, G. A. 1979. Textbook of Limnology, 2* edition. C. V. Mosby Company, St. Louis,
MO.

Colwell, M. 1991. Personal communications with M. Colwell, Water Quality Specialist,
Lake County Health Department, Environmental Health Division, Lakes Management Unit,
November 27, 1991.

Commonwealth Edison Company (CEC). 1972. Environmental monitoring in Lake
Michigan near Zion and Waukegan generating stations, Jan. 1972 through Dec. 1972.
Volume II. Prepared by-Industrial Bio-test Laboratories, Inc., Northbrook, Hlinois.

Commonwealth Edison Company (CEC). 1973. Operational environmental monitoring in
Lake Michigan near Zion station July 1973 through December 1973. Volume I - IIL
Prepared by Industrial Bio-test Laboratories, Inc., Northbrook, Illinois.

Commonwealth Edison Company (CEC). 1974. Operational environmental monitoring in
Lake Michigan near Zion station January 1974 through June 1974. Volume I - IIL
Prepared by Industrial Bio-test Laboratories, Inc., Northbrook, Illinois.

Farrell, K. and J. Budzinski. 1990. North Shore Sanitary District Investigation into the
Source of Elevated Coliform Bacteria Counts at Waukegan Beaches. North Shore Sanitary
District.

Hazleton Laboratories America, Inc. 1986. Draft Final Report: Analysis of Specially
Prepared Lake Michigan Chinook Salmon Filets for Organochlorine and PCB Residues.
Prepared for Salmon Unlimited by Hazleton Laboratories America, Inc., Madison,
Wisconsin, June, 1986.

Hess, R. 1991. Letter from R. Hess of the Illinois Department of Conservation, Lake
Michigan Program to R. Schacht of the Illinois Environmental Protection Agency, 1991.

Hess, R., T. Trudeau. 1990. The 1988 Charter Boat Sport Catch from the Illinois Waters

of Lake Michigan. Ilinois Department of Conservation, Division of Fisheries, Lake
Michigan Program, July, 1990.

DRAFT, January 8, 1992 83




L

N

Horns, W. H., W. A. Brofka. 1990. A survey of Sport Fishing in the Illinois Portion of
Lake Michigan, April 1989 through September 1989. Illinois Natural History Survey, Center
for Aquatic Ecology, Aquatic Ecology Technical Report 90/3, February, 1990.

llinois Department of Public Health (IDPH). 1987. The Minimum Sanitary Requirements
for the design and Operation of Swimming Pools and Bathing Beaches. Illinois Department
of Public Health, Springfield, Illinois.

Illinois Environmental Protection Agency (IEPA). 1972, Lake Michigan Shore and Open
Water Report, 1972. Illinois Environmental Protection Agency, Springfield, Hlinois.

Nllinois Environmental Protection Agency (IEPA). 1973. Lake Michigan Water Quality and
Lake Bed Survey, 1973. Illinois Environmental Protection Agency, Springfield, Illinois.

Illinois Environmental Protection Agency (IEPA). 1990. Illinois Water Quality Report,
1988-1989. Illinois Environmental Protection Agency, Springfield, Lllinois, April, 1990.

Nlinois Environmental Protection Agency (IEPA). 1991a. Files of the Division of Public
Water Supplies. November, 1991.

Nlinois Environmental Protection Agency (IEPA). 1991b. Guide to Eating Illinois Sport
Fish, 1991. Illinois Environmental Protection Agency, Springfield, Illinois, Summer, 1991.

International Joint Commission (JC). 1991. Review and Evaluation of the Great Lakes
Remedial Action Plan, Program 1991. International Joint Commission, United States and
Canada, June, 1991.

Kallis, C. 1991. File Memorandum concerning City of Waukegan. Illinois Eavironmental
Protection Agency, Maywood, Illinois, July 10, 1991.

, Kelly, M. H,, R. L. Hite. 1981. Chemical Analysis of Surficial Sediments from 63 Illinois

Lakes, Summer, 1979. Illinois Environmental Protection Agency, Division of Water
Pollution Control, Marion, Illinois.

Kelly, M. H,, R. L. Hite. 1984. Evaluation of Illinois Stream Sediment Data: 1974-1980.
Ilinois Environmental Protection Agency, Division of Water Pollution Control,
IEPA/WPC/84-004, Springfield, Illinois, January, 1984.

Kroop, R. 1991. Personal communications with R. Kroop, City of Waukegan, Public Works
Department, November 27, 1991. ‘

Lapish, S. 1990. Untitled paper to the Citizens Advisory Group for the Waukegan Area
of Concern. Citizens Advisory Group for the Waukegan Area of Concern, October 25, 1990.

DRAFT, January 8, 1992 84



Long, E. R, L. G. Morgan. 1990. Potential for Biological Effects of Sorbed Contaminants
Tested in the National Status and Trends Program. National Oceanographic and
Atmospheric Administration, Technical Memorandum NOS-OMAS2, Rockville, Maryland.

Mac, M. J. 1988. Toxic Substances and Survival of Lake Michigan Salmonids: Field and
laboratory Approaches. In: M. S. Evans, ed., Toxic Contaminants and Ecosystem Health:
A Great Lakes Focus, John Wiley and Sons, New York

Marek, E. L. 1991. Letter from E. L. Marek of the Illinois Environmental Protection
Agency, Maywood, Illinois to the Mayor and Council, City of Waukegan, Illinois, April 24,
1991.

Marking, L. L., T. D. Bills, J. J. Rach. 1981. Biological Activity of Sediment from Five Sites
in the Waukegan Boat Harbor, Waukegan, Illinois. U.S. Fish and Wildlife Service, National
Fishery Research Laboratory, La Crosse, Wisconsin, December, 1981.

McNaught, D., D. Griesmer, M. Buzzard, M. Kennedy. 1980. Inhibition of Productivity by
PCBs and Natural Products in Sagmaw Bay, Lake Huron. Grant 804573, USEPA Research
Laboratory, Duluth.

Millar, J. 1991. Letter from J. Millar of the U.S. Fish and Wildlife Service, Rock Island,
Illinois, to R. Schacht of the Illinois Environmental Protection Agency, Maywood, Illinois,
July 23, 1991.

Norby, R. D. 1981. Evaluation of Lake Michigan Nearshore Sediments for Nourishment
of Illinois Beaches. Illinois Institute of Natural Resources, State Geological Survey Division,
Environmental Geology Notes 97, Champaign, Illinois, April, 1981.

Risatti, J. B,, P. Ross, L. C. Burnett. 1990. Amendment: Assessment of Ecotoxicological
Hazard of Waukegan Harbor Sediments. Illinois Department of Energy and Natural
Resources, Hazardous Waste Research and Information Center, HWRIC RR-052,.
Champaign, Illinois, October, 1990.

Ross, P. 1991. Letter from P. Ross of the Illinois Natural History Survey, Champaign,
Illinois, to R. Schacht of the Illinois Environmental Protection Agency, Maywood, Illinois,
August 13, 1991.

Ross, P, M. Henebry, L. Burnett, W. Wang. 1988. Assessment of the Ecotoxicological
Hazard of Sediments in Waukegan Harbor, Illinois. [llinois Department of Natural
Resources, Hazardous Waste Research and Information Center, HWRIC RR-018,
Champaign, Illinois, January, 1988.

Ross, P., W. Horms, N. Trudeau, L. Burnett, C. Kermode. 1989. Chapter I: Biological and
Toxxcologlcal Investigation and Sediment Collection from the Waukegan Harbor Project
Area by the [llinois Natural History Survey. In: Biological and Toxicological Investigation
and Sediment Collection from the Waukegan Harbor Project Area, P. E. Ross and J. B.

DRAFT, January 8, 1992 85



Risatti, eds. Prepared by the Illinois Natural History Survey and the Illinois State
Geological Survey for the Chicago District, U.S. Army Corps of Engineers, Chicago, lllinois,
September, 1989.

Sanborn. 1885. Waukegan, Illinois (Insurance Maps). Sanborn Map and Publishing Co,
Limited, New York.

Stewart, J. C, A. T. Lemiey, S. 1. Hogan, R. A. Weismiller. 1988. Health Effects of
Drinking Water Contaminants. Cooperative Extension System, Water Quality Fact Sheet
2, Cornell University and The University of Maryland.

U.S. Army Corps of Engineers (ACOE). 1986. Waukegan Harbor, Illinois, Confined
Dredge Disposal Facility, Site Selection Study Suppliment. Chicago District, U.S. Army
Corps of Engineers, Chicago, Illinois, April, 1986.

U.S. Army Corps of Engineers (ACOE). 1989. Draft Environmental Impact Statement,
Waukegan Harbor Confined Disposal Facility and Maintenance Activities in Lake County,
Illinois. Chicago District, U.S. Army Corps of Engineers, Environmental and Social Analysis
Branch, Chicago, Illinois, April, 1989.

U.S. Environmental Protection Agency (USEPA). 1977. Guidelines for the Poliutional
Classification of Great Lakes Harbor Sediments. U.S. Environmental Protection Agency,
Region V, Chicago, lllinois, April, 1977.

U.S. Environmental Protection Agency (USEPA). 1981. The PCB Contamination Problem
in Waukegan Harbor. U.S. Environmental Protection Agency.

U.S. Environmental Protection Agency (USEPA). 1986. Quality Criteria for Water. U.S.
Environmental Protection Agency, EPA 440/5-86-001, May, 1986.

U.S. Environmental Protection Agency (USEPA). 1990a. 40 CFR 136 - Methods for
Organic Chemical Analysis of Municipal and Industrial Wastewater.

U.S. Environmental Protection Agency (USEPA). 1990b. Test Methods for Evaluating
Solid Waste, Physical/Chemical Methods, SW-846, 3@ ed, Office of Solid Waste and
Emergency Response, Washington, D.C.

U.S. Environmental Protection Agency (USEPA). 1991. Lake Michigan Lakewide
Management Plan, Stage I. Draft, October 31, 1991. U.S. Environmental Protection
Agency, Region V, Chicago, Illinois, October 1991.

Willford, W. A. 1980. Chlorinated Hydrocarbons as a Limiting Factor in the Reproduction
of Lake Trout in Lake Michigan. Proc. Third USA-USSR Symp. Effects of Pollutants
Upon Aquatic Ecosystems. U.S. Environmental Protection Agency, EPA-600/9-80-034.

DRAFT, January 8, 1992 86



DRAFT, January 8, 1992

APPENDICES

87



APPENDIX A
Raw and Finished Drinking Water Quality

DRAFT, January 8, 1992



O o MR ’°'Q«

Illinois Environmental Protection Agency - PO.Box 19276, Bmldd. n cmum

. VIf “N OF PUBLIC WATER SUPPLIES BANPLING PROGRAN:
‘ POR—. Y zﬂm”ms
zvtt'n‘o
] oI, of
CILITY: 0971900  Waukegan PUBLIC WATER SUPPLIES

MPLES SCHEDULED DURING APRIL 1991 T .
MPLE LOCATION: COLLECT FROM RAW SURPACE LAKE NICHIGAN INTAKE

IL REPORT 7T0: . )
uE: Erwnk These,Sugh DATE COLLECTED: May 4 199
or: {OC N\ Uhoa G+ TIME COLLECTED: 3:05P

T Wankeaam _STATE: \\L, z1p:_G6™>  sawPLE corusctor: Ken Shecds
| PHONE NUMBER:  3¢O-90 xbVS)

FUNDING CODE: PW30 SAMPLE TYPE: RAW
IENCY BROUTING: . .
BAMPLE TYPE: RPWS FACILITY: Waukegan 0971900
PURPOSE: 3-REPLACEMENT
'PT DICATOR: B SAMPLE LOCATION:
SUBMIT SRCE: 0971900
SMPL PROGRAM: CH - CHEMICAL 914 1%) - 00

PARM GROUP: 21001 | REC E“!“Vz E D

! g 10qQ1
G = »
et Cupp\
. PUNG oF WS ey
gnvironme
—--LAB USE ONLY-—- SAMPLE NUMBER P10&75s
R ECE'VED DATE RECEIVED __ MAY {6 199])
JUL 121991 e scve 1A .
RECEIVED BY

Environmentst Protection
L 532-0761 PeSsts b1 ORidis 7-87)~capcheas DATE PORWARDED\“_‘___?_ &% R



PLE

PLING POINT DESC. ¢ WAUKEGAN 99901-00

MI ING SOURCE # : 09719CC
£ COLLECTED :

LECTED BY : K SHEETS

ILLINOIS ENVIRONMENTAL PROTECTION AGENCY

NUMBER ¢ 8106755

910514

MENTS
ING CODE : PU30
TYPE COCE : RPUS

E RECEIVED :

910516

OBSERVATIONS
ERVISORS INITIALS :

403
300
900
‘940

630
956
002
9Co

916
929
10°
02.

027
042
045
067

082
092
'700

PH=LABORATORY
(ROE) TDS @ 180C

HRARDNESS,EDTATOTAL

CHLORIDE,TOTAL

NITRATEENOZ~NTOTAL

SILICA,TOTAL
ARSENIC,TOTAL
MERCURY,TOTAL

CALCIUM,TOTAL
SODIUM,TOTAL
ALUMINUM,TOTAL
BORON,TOTAL

CADMIUM,TOTAL
COPPER,TOTAL
IRON,TOTAL
NICKEL,TOTAL

STRONTIUM,TOTAL
ZINC,TOTAL
ANION/CATION BAL

TIME COLLECTED :

AGENCY

SAMPLE PURPOSE CODE

TXME RECEIVED : 1100

UNITS

MG/L
MG/L

MG/L’

MG/L
MG/L
uG/L
uG/L

MG/L
MG/L
UG/t
uG/L

UG/t
UG/L
uG/L
uG/L

uG/sL
uG/sL
Y/N

8.0
181
130
12

0.28
1.0K

0.05K
37

50K
SOK

SK

5K
50K

125

SITE #
150S SAMPLING PROGRAM : CH °
DELIVERED BY g UPS
ROUTING : 00 UNIT CODE :
3 REPORTING INDICATOR : 8
RECEIVED BY : PMD
TRIP BL SAMS® :
NOTE : K = LESS THAN vaLueZZ3/-9/
- MEIA
PODOSS CONDUCTIVITY UN/CH & 307
PO0410 ALKALINITY,TOTAL MG/L : 107
PO0951 FLUORIDE,TOTAL MG/L : 0.10
P0094S SULFATE,TOTAL MG/L : 1S ~
POOS10 AMMONIA=N,TOTAL  MG/L : 0.05
PO0720 CYANIDE,TOTAL MG/L : 0.00SK
PO10S1 LEAD,TOT.FURNACE UG/L : SK
PO1147 SELENIUM,TOTAL UG/L : 1K
PO0927 MAGNESIUM,TOTAL MG/L ¢ 12
PO0937 POTASSIUM,TOTAL  MG/L : 1.4
PO1007 BARIUM,TOTAL uG/L : 17
PO1012 BERYLLIUF,TOTAL  UG/L : 0.5K
PO1034 CHROMIUM,TOTAL UG/L : SK
PO1037 COBALT,TOTAL UG/L : SK
PO10SS MANGANESE,TOTAL  UG/L : SK
PO1077 SILVER,TCTAL Ue/L : SK
PO1087 VANADIUM,TOTAL UG/L : SK —
P82394 HARDNESS CALC. MG/L : 141C

SOK



i}l

Ulioi | ' RO,

@ Illinois Environmental Protection Agency ¢ 2200 Churchill Road, Springfield, IL 62706

.S8) ¢ JF PUALTIC LATER SUPPLIES TREMALIVETHANE AHALYSIS
ALiTr v?7139¢ A& IREGAN RCQION 2
'WES SCHeNJLID IURING: AJGUST, 193} SEP 11 1891
. REPOIRT T .h : Ow. Pstjbl'ic “ﬂﬁf Supplics
= . Q) e . v 30\
.+ _ITarck Chese Jr‘;l Suph Envimnn@ﬁ%&x&%ﬁ!géy Riag 20 \57)
¢ _1CEe N ._idhee S auwrL cnLectok Keo et
T o !
TS TN N ! CWLLST 54awhef Frie JHE
SV T e ! LISTRATENTT ' SYSTke SERVED Ay
O E TYPL: I, e DTLTRTSITTY ' wTP & UF SH4Fludy N yF 4a0] S0
PP S0 1 e RXJUTYE |
MOTShI e R 1
3T Salue 971730010 { wh KGR
e PRUGI A4 Ty = TATHAL DI THe 4T | .
Toe aum I WOITLE 1ot 1
) ' \
Boh € RAMILE L3L PUNPISL: ) | RAlES R WY 726 PO}'-‘““ Ny
————— - | . -~
: TIve CoLLEgten 3506 en REC
[
114415 BAIVE NN cmm LA IS5 OULY eee it tli
SR l 3a4pLp AL - s
| | ! )
RN | DATL RECEIVED BL2l 1951,
]
- ) ' .
| T14 WELEJ/IC: (0:304a,0
' .
I IECLTIVED Y -.._--M



£

ILLINOIS ENVIRONMENTAL PROTECTION AGENCY

NLMBER : D190127

ING POINT DESC. : WAUKRESGANW/S26 POPLAR ST

17

G SCURCE » : 0971vy0C01

COLLECTED : 910820 TIME COLLECTED :

CTEL BY : KEN ShEETS
NTS : THMS

NG CODE : Pw30
YPE CODJE : OPmS

RECEIVED : 910821

BSERVATIONS : 2 THm
VISCRS INITIALS : JTH

voOoNne - O - W - O

“- O -

CHLORCFORM
DICHLCROBROMOFETHANE
CPrLORCIIARUMOPETHANE
6ROMOFORM

METHYLENE ChLCRIDE

1,1=-0ICHLUROETHYLENE
1,1-DICHLCROETHANE
TRANS=1,2-DICHLGRCETHYLENE
1,c-0ICHLORVUETHANE

1¢1,1=-TRICHLOROETRHANE
RBON TETRACKFLCRIDE

TRICHLORDETHYLENE

TETRACALORJEThYLCENE

CRLCKCAENZENE
CICHLOROSENZENECTCTAL)
Cl5=1,¢~-DICHLCRGETHYLENE

AGENCY ROUTING :
SAPPLE PURPOSE CODE

DELIVERED BY : UPS

SITE #» :
1550 SAPPLING PRUGRAM : TH
UNIT CCOE :
1 REPORTINw INDICATOR : 8

TINE RECEIVED : 1030 RECEIVED oY 2 L N

TRIP BL SAMs : D1961&¢

NOTE

uG/L
uG/L
uG/L
uG/L
UG/t

uG/L
uG/L
uG/L
UG/t

uG/L
Us/L
UG/L
Jo/L

uG/7L
UG/L
UuG/L

: K = LESS THAN VALUE

- N =

« 0%
1.0K

1.0«
1.0K
1.0
1.0k

1.0
‘.0‘
1.UK
10K

1.UK
1.0K
1.0K



ILLINOIS ENVIRONMENTAL PROTECTION AGENCY

LE NLMBER : D196122
PLING POINT DESC. 2 BLANK W/96121 WAUKEGAN

4. ING SOURCE A : 09?7190CO1 SITE # :

E COLLECTED : 910820 . TIME COLLECTED : 1550 SAMPLING PROGKAM
LECTEL BY : KEN SHEETS OELIVERED BY : UPS

MENTS 2 THMS .

DING CODE : Pw30 AGENCY ROUTING : == UNIT CODE :
TYPE CODE : DPKS SAFPLE PURPOSE CODE : 8 REPORTING INDICATOR
E RECEIVED : 910821 TIME RECEIVED : 1030 RECEIVED BY : L M
OBSERVATIONS : 2 BLANKS TRIP BL SAMs :

ERVISCRS INITIALS : JIH NOTE : K = LESS THAN VALLE
106 CRLOROFORM UG/L : 1.0k

_ 101 DICHLOROBROMOMETHANE UG/L : 1.0k
105 CHLORODIBROMUMETHANE UG/L : 1.0x

. 1G4 B8ROMOFORM UG/L : 1.0K

423 METHYLENE CHLCRIDE T UG/L : 1.0k

5C1 1,1=-0ICHLORUGETHYLENE UG/L : 1.0k

496 1,1-DICHLOROETHANE UG/L : 1.0K

540 TRANS=1,2=-DIChLOROETMHYLENE UG/L : 1.0K

531 1,2-J1CHLCRCETHANE UG/L : 1.0K

50 1,1,1=-TRICHLOROETHANE vG/L : 1.0K

'9C  CAREUN TETRACFLGRIGE UG/L : 1.0k

1180 TFICHLORGCETHYLENE UG/L : 1.0k

1475 TeTRACALORUETRYLENS UG/L : 1.0K

v3U1 CHLCRGSENZENE UG/L : 1.0K

+710 DICHLGAOBENZENECTCTAL) UG/L : 1.0K

V’?S C15-1,2=01ICRLCROETAYLE NE UG/t 1.0K

’



T | 0194543
@ lllinois Environmental Protection Agency ¢ 2200 Churchill Road, Springfield, IL 62706

.S. i J¥ PURLTIL wATER $!IPOLIECS . PESTICIDE AnNALYS_

LITYS 0971900 ML REGAN

'LES SLHENULEDN "URIYG: TUde, 'W"l cvd IDJ‘Hes : 7-3-‘[)

. KEPOKT TJs

:+ Frank Chess Jr Sugh  naTé caLecTep Jaby 1,199
s 108 M. Uhe S} vINE cOLLECTED B35A

vy W amkegan o~ state & ;rp GAKT_ awp coiLector KenSheeds

PaONE NUMgeER m?-?@-?@ kA_ ‘;‘

1Tl LINE: "y GAMDLF T¢PEe NISIRIBUTION

ROUTIVe
IPLF TYPE: NpM5 @ DISTRTIBUTIOV dAUKEGRAM
PURPUSRE: o ROUTIME

sAMPLE LocaTinng Vidhsey- Beohd

MDICATINR: R

MIT SkRCE: N971900

. PRUGRAM:s OH -« PESTICIDE
PJ ROQUP:

pECUVE

REG i 2 _ }
fEP 20 ot
< |l >
pyltic Watel ':\pp
V- Fetain of Wecid
RN R A=A L
Evﬂm\mﬂu
SN kIl 21 1gny

40 "m0
.v".J': CY T Lﬂa l’s: nn‘l.f P 0194543

SAMPLLE HUMRER

' vy

164 L] 43S i JuL 1 1991
i PRTE WECELIVED . ,
' - /) ‘o0 £Pr
{ TIME RECEVIED . 00 Am £
|
i RECETVED oY 7



" — ILLINOIS ENVIRONMENTAL PROTECTION AGENCY

LE NUMBER : D194343
_LING POINT DESC. : WAUKEGAN/VICTORY HOSPITAL

IT .NG SOURCE # : 097190C SITE » :
COLLECTED : 910711 - TIME COLLECTED : 0335s SANPLING PROGRAM : PM
ECTEL BY : KEN SHEETS DELIVERED BY : EPA
ENTS : PESTICIDE ANALYSIS .
ING CODE : PUW3O AGENCY ROUTING 3 == UNIT CODE :
TYPE CODE : DPWS SAPPLE PURPOSE CODE : 1 REPORTING INDICATOR : @
RECEIVED : 910712 TIME RECEIVED : 1100 RECEIVED 8Y : F T
OBSERVATIONS : 2 QTS WATER TRIP BL SAMS :
RVISORS INITIALS : JIN NOTE : K = LESS THAN VALUE
. - /
40 GAMMA=-BHC C(LINDANE) UG/t : 01K i 13 7
10 HEPTACHLOR UG/L : 01X ﬁ P
~ 30 ALDRIN UG/L : .01k ™
. 20 HMEPTACHLOR EPOXIDE . UG/L : 01K
SO TCTAL CHLORDANE UG/L : 01K
80 DIELDRIN Ue/L : 01K
90 ENDRIN UG/L : .01K
80 METHOXYCHLOR UG/L : .0SK
27 O,P°-DOE UG/L : 01K
20 °,P°~DDE UG/L : 01K
1S +,P°=DDD UG/L : 01K
10 P,P°-DDD : UG/L : 01K
0S o.,P°-DOT UG/L : 01K
00 P,P°-0DT ' UG/L : 01K
Q0 TCXAPHENE UG/L : 1.0k
D 2,4-D UG/L : 0.1k

60 SILVEX ue/L «05K



D194530 .

@ Illinois Environmental Protection Agency . P.0. Box 19276, Springfield, IL 62794-0276

DIVISION OF PUBLIC WATER SUPPLIES

FACILITY:

SAMPLES SCHEDULED DURING JUNE 1991

MAIL REPORT TO:

0971900

Waukegan

NAME: Che Sw

aopR: 106 N\ Lihca St

crry: Wamkeaon

FUNDING CODE:
AGENCY ROUTING:
SAMPLE TYPE:
PURPOSE:

RPT INDICATOR:
SUBMIT SRCE:
SHPL PROGRAM:
PARM GROUP:

PW30

DPWS
1-ROUTINE

B
0971900
PH - PESTICIDE

STATE: b z1p:_GOO{S

B

SAMPLING PROGRAM:
PESTICIDE ANALYSIS

Revd buttles -1-3;'i)

DATE COLLECTED: JJuly 11,199)

"TIME COLLECTED: J1OBA -

S

saMPLE coLLECToR: Ken Sheets

PHONE NUMBER:  10§-360-9000,x} \

SAMPLE TYPE: DPWS

FACILITY: Waukegan

SAMPLE LOCATION: Raad Water

e}

o

$311d4NS Y31V I1I3Nd
40 ‘MO

¥'dA1

16, LI 45

---LAB USE ONLY---

sanpee numeee _ D1 74530
oate receivep _JUL 12 1991

TIME RECEIVED T 'Y0Asn - i

I~

REATTVEN DV



ILLINOIS ENVIRONMENTAL PROTECTION AGENCY

J)LE NUNBER : D194530
LING POINT DESC. : WAUKEGAN/RAW WATER

4I:.ING SOURCE # : 0971900 SITE # :
: COLLECTED : 910711 ~ TIME COLLECTED : 0905 SANPLING PROGRAN : PH
.ECTEC BY : KEN SHEETS DELIVERED 8Y : UPS
\ENTS : PESTICIDE ANALYSIS
JING CODE : PW30 AGENCY ROUTING : =- UNIT CODE :
TYPE CODE : DPWS SAPPLE PURPOSE CODE : 1 REPORTING INDICATOR : 8
: RECEIVED : 910712 TIME RECZIVED : 0940 RECEIVED BY : F T
OBSERVATIONS : 2 QTS WATER TRIP BL SAMS :
:RVISORS INITIALS = JTM MOTE : K = LESS THAN VALUE
540 GAMMA-BHC (LINDANE) , UG/L : <01K
—+10 MEPTACHLOR UG/L : 01K Q-(1-
130 ALDRIN Ue/L : 01K
120 HEPTACHLOR EPOXIDE UG/L : 01K M2
iS50 TCTAL CHLORDANE UG/L : <O1K
'80 DIELDRIN ' . UG/L : .O1K
.90 ENDRIN UG/L : 01K
»80 METHOXYCHLOR UG/L : .0SK
127 0,P°~DOE UG/L : 01K
52r =,P°-DDE UG/L : <O1K
115 J,P°=DDD UG/L : 01K
;10 P,P°=DDD UG/L : .01K
i0S 0,P*=DOT UG/L : 01K
(00 P,P°-DOT UG/L : 01K
10 TOXAPMENE : UG/L : 1.0K
—30 2,4=0 UG/L : 0.1k
60 SILVEX UG/L : 05K

+TRAZINE .15 UG/L.



- Ul76138 D951 38
@ Illinois Environmental Protection Agency ¢ 2200 Churchill Road, Springfield, IL 62706

[S? '\ OF PUBLIC WATER SUPPLIES VOLATILE ORGANIC CHEMICALS

(LITY: 0971900 WAUKEGAN |
'LE AND DEMAND SCHEDULE: AUG 1, 1991 = AUG 31, 1991

. REPORT TO3
: Bramk Cheg Jr Q&sﬂ' DATE COLLECTED Aug 20, 1%)
v LD6 Ny Uhes OF sweL. coLLECTor KenSheetks

'3 WMA&S&@ state Lo ztp GTRS . PHONE Nymger OF- 360-90m i}

COLLECT WATER FROM THE FINISHED
AATER/ENTRY POINT INTO THE
D1STRIBUTION SYSTEM SERVED BY

03 ATP E OF SHERIDAN N DF: MADISON

sorrLE:s L LA
Locarzons _tab dap

TIVE COLLECTED: 3:20°P

'ING CODE: PA32

IPLE TYPE: FPWS = FINISHED
PURPDSE: 1 = ROUTINE

MIT SRCE: 0971900018

. PROGRAM: VO = VOC

'REQUENCY: QUARTERLY

iL? ~ SAMPLE USE PURPOSE: 8)

RECEIVED
nern:
SLP g =
Ui, Conz ey lics
' LI nt Ill:u ":Pl’ s '
-ovizenaeet Catestion Anang e
S3IHT4diis 43108 37180 ) ee= LAB USE ONLY we= D195 38
0 Alf SAMPLE NUMBER
VdIl AUcZTfVVl
OATE RECEIVED

|8.E. 4§ .
i TIME RECEVIED 1230 1a

RECEIVED BY ' _Q§E5L/
B o-Far AT




ILLINOIS ENVIRONMENTAL PROTECTION AGENCY

MP' = NUMBER : D196138
MP. _.NG POINT DESC. : WAUKEGAN/LAE TAP

BMITTING SOURCE # : 097150C01 . SITE # :
TE COLLECTED : 910820 ~  TIME COLLECTED : 1520  SAMPLING PROGRAM : VO
ILLECTEC BY : KEN SHEETS OELIVERED BY : UPS
IMMENTS : VOCS
INOING CODE : PM32 - AGENCY ROUTING : == UNIT CODE :
\W TYPE CODE : FPMS SAPPLE PURPOSEZ CODE : 1 REPORTING INDICATOR : B
ATE RECEIVED : 910821 TIME RECEIVED : 1030 "RECEIVED 3Y : L M
A8 CBSERVATIONS : 2 VOC TRIP BL SAMF : D196139
UPERVISCRS INITIALS : JTH NOTE : K = LESS THAN VALUE
.t e Cl'\‘\f‘\\
: . | Y S ——
: TRIHALOMETHANES
132106 CHLOROFORM uGsL : 13
332101 BROMODICHLOROMETMANE UG/L : 6.9
532105 CHLOROOIBROMOMETHANE UG/L : 2.4
3%*04 3ROMOFORM UG/L : 0.5K

REGULATED VOLATILE ORGANIC COMPOUNOS

$34506 1,1,1-TRICHLOROETHANE UG/L : 0.5K
34511 1,1,2-TRICHLOROETHANE UG/L : 0.5K
P34501 1,1-DICHLOROETHYLENE UG/L : 0.5K
P34551 1,2,4=TRICNLOROBENZENE UG/L : 0.5K
P34536 1,2-DICHLOROBENZENE UG/L : 0.5K
P32103 1,2-0ICHLOROETHANE UG/L : 0.5K
34541 1,2-DICHLOROPROPANE UG/L : 0.5K
P34571 1,4=DICHLOROBENZENE UG/L : 0.5K
P3403U SENZENE UG/L : 0.S5K
32102 CARBON TETRACHLORIODE UG/L : 0.5K
P34301 CHLOROBENZENE UG/L : 0.5K
P77093 CIS-1,2-DICHLCROETHYLENE UG/L : 0.5K
P34371 ETHYLBENZENE UG/L : 0.5K
P34423 METHYLENE CHLORIDE UG/L : 0.5K
P?7123 STYRENE UG/L : 0.5K
F-5%475 TETRACHLOROETHYLENE UG/L : 0.5K



JURBER : 0196138
010 TCLUENE UG/L : 0.5K
S51 TCTAL XVYLENES UG/t : 0.5K
54 TRANS~1,2-DICHLOROETHYLENE UG/L : 0.5k
180 TRICHLOROETHYLENE . UG/L : 0.5K
175 VINYL CHLORIDE UG/t : 0.5«
UNREGULATED VOLATILE ORGAMIC COMPOUNDS :
562 1,1,1,2=-TETRACHLOROETHANE 7 UG/IL : 0.5k
570 1,1,2,2=-TETRACHLOROETHANE UG/L : 0.5K
96 1,1-DICHLOROETHANE UG/L : 0.5K
168 1o1-DICHLOROPROPENE UG/L : 0.5k
43 1,2,3~TRICHLOROPRGPANE UG/l : 0.5k
166 1,3-DICHLOROOBENZENE UG/L : 0.5k
173 1,3-0ICHLOROPROPANE uUG/L : 0.5k
i70 2,2=-0ICHLOROPROPANE UG/t : 0.5k
i55 BROMOBENZENE uG/L : 0.5k
'13 BROMOMETHANE UG/t : 0.5«
‘11 ChLOROGETHANE UG/L : 0.5k
»18 CHLOROMETHANE UG/L : 0.5k
'06 C15S-1,3-DICHLOROPROPENE UG/L : 0.5k
i22 DIBROMOMETHANE UG/L : Q.5K
'70 TCTAL CHLOROTOLUENES UG/L : 0.5k
9% RANS=1,3-0ICHLOROPROFENE UG/L : 0.5K



ILLINOIS ENVIRONMENTAL PROTECTION AGENCY

MPLE NUMBER : D196139
MP° NG POINT DESC. : BLANK W/96138 WAUKEGAN

IBMITTING SOURCE # : 097190C01 SITE » : :

TE COLLECTED : 91082(C TIME COLLECTED : 1520 SANPLING PROGRAM : VO
ILLECTEL BY : KEN SHEETS DELIVERED 8Y : UPS

IMMENTS : VOCS .

INDING CODE : PW32 AGEANCY ROUTING : ~-- UNIT CODE :

\W TYPE CODE : FPWS " SAPPLE PURPOSE CODE : 8 REPORTING INDICATOR : 8
ATE RECEIVED : 910821 TIME RECEIVED : 1030 RECEiVED BY : L H

A8 OBSERVATIONS : 2 BLANKS TRIP 8L SAMSN :

JPERVISCRS INITIALS : JTH NOTE : K = LESS THAN VALUE

; TRIHALOMETHANES

32106 CHLOROFORM UG/l : 0.5K

32101 3ROMODICHLOROMETHANE UG/L : 0.5K

52105 ChLORODIBROMOMETHANE UG/L : 0.5k

32104 BROMOFORM UG/L : 0.5K

REGULATED VOLATILE ORGANIC COMPOUNDS

34506 1,1,1-TRICHLOROETHANE UG/s7L : 0.5k
34511 1,1,2-TRICHLOROETHANE UG/L : 0.5k
‘34501 1,1-0ICHLOROCETHYLENE UG/L : 0.5K
‘34551 1,2,4-TRICHLOROBENZENE UG/t : 0.5K
‘34536 1,2-0ICHLOROBENLZENE UG/sL : 0.5k
‘32103 1,2-DICHLOROETHANE UG/L : 0.5k
'34541 1,2-DICHLOROPROPANE U/t : 0.5K
364571 1,4=-0ICHLOROBENZENE UG/t : 0.5K
>34030 BENZENE Ue/L : 0.5K
732102 CARBON TETRACHLORIDE UG/L : 0.5K
34301 CHLOROBENZENE UG/L : 0.5K
277093 CIS=1,2-DICHLOROETHYLENE Ue/L : 0.35K
©34371 ETHYLBENZENE UG/L : 0.5k
234423 METHYLENE CHLCRIDE U6/t : 0.5k
P77128 STYRENE UG/L : 0.5K
234475 TETRACHLOROETHYLEMNE UG/t : 0.5K



JINBER : 0196139

010 TCLUENE uG/7L

551 TCTAL XYLENES uG/L
Sé TRANS=1,2-DICHLORCETHYLENE uG/L
180 TRICHLOROETHYLENE us/L
175 VINYL CMLORIDE uG/L
UNREGULATED VOLATILE ORGANIC COMPOUNDS

562 1,1,1,2=-TETRACHLOROETHANE . UG/L
$S16 1,1,2,2-TETRACHLORGE THANE uG/L
496 1,1-DICHLOROETHANE uG/L
168 1,1-0DICHLOROPROPENE uG/L
443 1,2,3-TRICHLOROPROPANE uG/L
S66 1,3-DICHLOROBENZENE us/L
173 1,3-DICHLOROPROPANE uG/L
170 2,2-DICHLOROPROPANE uG/L
555 BROMOBENLZENE us/L
+13 BROMOMETHANE uG/L
591 CHLOROCETHANE UG/L
+98 CMLOROMETHANE uG/L
*04 C1S=1,3~0ICHLCROPROPENE uG/L
322 OIBROMOMETHANE uG/L -
)70 TCTAL CHLOROTOLUENES uG/L

19 RANS-1,3-0ICHLOROPROPENE uG/L

0.5%
0.5k
0.5K
0.5K

0.5K

0.5k

0.5K

0.5
0.5K
0.5K

0.5k
0.5K
0.5K
0.5K

0.5
0.5K
0.5k
0.5K

0.5K
0.5K
0.5K



ILLINOIS ENVIRONMENTAL PROTECTION AGENCY PESTICIDE ANALYSIS REPORT FORM

DIVISION OF PUBLIC WATER SUPPLIES

EUSQ_JO
#c.

LAC # 0971900 Sampies scheduled during: 3/87 G /18487
Wauvkegan - -
Howard Peskator Date and time in Laboratory: NAR lZ ,-':87
Water Plant
106 North Utica Recsived
Waukegan, I[1linois 60085 :

:“"M..ﬂ Repon to: -j it ARARTIRNL P }""""n‘&b“ ﬂ& ¢ )a! ,\"\'.t' : mw"" ’7 .. _.;_..._,,“!.‘ : !
fﬁl‘-f“ﬂ‘ PC“B&*‘"* Dlrﬁr : 3. Sempie Collveyes: -* : _
Address; . « L Ken Shee'lbs
106 W, Utien H, R 4 Sampiiog Potaties UL ,
Post Office:  Stewes T 'Q’&"Poplu-s be e
rkegen feL

5. Telephone Number: Y%,

3(2-3¢0 -QO0L ql- us; '

All results reported in micrograms per liter (PPB)

COLLECTOR:  Fill m shaded area univ. Tvpe or use black ball
pomt pen. See reverse side Jur explanations and instructions.

Parsmater MCL Concantrateon Parameter mCL Concentranion
ug/! ug/ ug/t v/
Lindane 4 ° << g.0l o' -DDE o | < 0,01
Heptachior 0.1 < 65.61¢ p.»’ - ODE < 0.¢ |
Aldrin 1 < 0.9] op’ -DDD < 0.0]
Heptachior Epoxide 0.1 < Tﬁ o\ p» -ODD < 0.¢1
—;; Chiordane Total < oI N op' -0OT Tots! < 0.¢|
Gamma Chiordane 3 < Q0| p.o’ - DOT } 0 < Jdu
Disidrin 1 < ¢.0l Toxsphene s < [, ¢
Endrm 0.2 < 4.0l Sivex >~ 10 < v, uy
_ Methoyehior 100 < 0.05 240 4 100 < o.l
PCE <0,

/é/ M* ~ Laborstory Use Only —

Laboratory Number: GU 54’_.‘5()
Date Forwerded: By:
Le-y0- ¥ 7 9 [LAAA_LJ/’L
- “od L d

A
. ) —~ DPWS Use Only ~ .

Lo agency RECEIVED

State of lllino GION 2 N
RE Cu :)4_/__’40
elgerrif ot el el it et dioa sl JuN 25 1387

moten is required. Falhre 10 de 00 Moy result in » eivil penaity v e
$10.000.00 any on sdéitionsi eivil panaity up ta §1.000.00 fer sasnh

40 the faihre sentinuss. § fine us 10 §1,000.00 ond imprisenment Div. Public Watcr <ypplies
. one Tear. Thin ferm has boen apreved by the ferme Menage- State of llincis

Environmuntsl Prouochon Agency



DRAFT, January 8, 1992

APPENDIX B
- Organics Scanned in Water Samples
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APPENDIX B

ORGANICS SCANNED IN WATER SAMPLES, WAUKEGAN RAP, 1990

(Analytical Methods are Listed According to USEPA, 1990a)

S8

ALDRIN

DIELDRIN

TOTAL DDT

O.P-DDE

P,P-DDE

OP-DDD

P.P-DDD

O,P-DDT

P.P'-DDT

TOTAL CHLORDANE
CHLORDANE, CIS ISOMER
CHLORDANE, TRANS ISOMER
ENDRIN
METHOXYCHLOR
ALPHA-BHC
GAMMA-BHC(LINDANE)
HEXACHLOROBENZENE
TOTAL PCBS

TOXAPHENE

8279/608°
PENTACHLOROPHENOL

£260/624/601/602
CHLOROMETHANE
BROMOMETHANE
VINYL CHLORIDE
CHLOROETHANE
METHYLENE CHLORIDE

8260/624/601/602
ACETONE

TRICHLOROFLUOROMETHANE
BROMOCHLOROMETHANE
CARBON DISULFIDE
1,1-DICHLOROETHYLENE
1.1-DICHLOROETHANE
TRANS-1.2-DICHLOROETHYLENE
CIS-1,2 DICHLOROETHYLENE
CHLOROFORM

12 DICHLORETHANE

2 BUTANONE (MEK)
11L1-TRICHLOROETHANE
CARBON TETRACHLORIDE
VINYL ACETATE
DICHLOROBROMOMETHANE
1,2-DICHLOROPROPANE
CIS-1,3-DICHLOROPROPENE
TRICHLOROETHYLENE
CHLORODIBROMOMETHANE
1.1,2-TRICHLOROETHANE
BENZENE
TRANS-1,3-DICHLOROPROPENE
2-CHLOROETHYLVINYL ETHER
BROMOFORM

4&METHYL-2 PENTANONE
2-HEXANONE (MBK)
TETRACHLOROETHYLENE
1222-TETRACHLOROETHANE
TOLUENE

CHLOROBENZENE
ETHYLBENZENE

STYRENE

XYLENE

* Gas chromatographic analysis preceded by add extraction and esterification

DRAFT, January 8, 1992
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DRAFT, January 8, 1992

APPENDIX C

Organics Scanned in Sediment Samples
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APPENDIX C

ORGANICS SCANNED IN SEDIMENT SAMPLES, WAUKEGAN RAP, 1990

(Analytical Methods are Listed According to USEPA, 1990b)

5080
TOTAL PCBS

ALDRIN

DIELDRIN

TOTAL DDT

O,F'-DDE

P.P"-DDE

O.P’-DDD

P.P'-DDD

O,P’-DDT

P,P-DDT

TOTAL CHLORDANE
CHLORDANE,CIS ISOMER
CHLORDANE, TRANS ISOMER
ENDRIN
METHOXYCHLOR
ALPHA-BHC
GAMMA-BHC (LINDANE)
HEXACHLOROBENZENE
HEPTACHLOR
HEPTACHLOR EPOXIDE

-r4.]
PHENOL

BIS(2-CHLOROETHYL)ETHER
2.CHLOROPHENOL
13-DICHLOROBENZENE
1,4-DICHLOROBENZENE
BENZL ALCOHOL
12-DICHLOROBENZENE
2-METHYLPHENOL

BIS(2-CHLOROISOPROPYL) ETHER

BUTYL BENZYL PHTHALATE
3,3-DICHLORBENZIDINE
BENZO(A)ANTRACENE
BIS2ETHYHEXYL)PHTHALATE
DI-N-OCTYLPHTHALATE
BENZO(8)FLOUROANTHENE
BENZO(K)FLOUROANTHENE
CHRYSENE
BENZO(A)PYRENE
INDENO(1,2,3-CO) PYRENE
DIBENZO(A)ANTRACENE
DIBENZO(AH)ANTHRACENE
BENZO(GHI)PERYLENE
:ETHYL-DIMETHYL-PENTANE
:METHYL PENTANE

K20
:TETRAMETHYL PENTANE
:C3-SUBSTITUTED BENZENE
:C4-SUBSTITUTED BENZENE
:CS-SUBSTITUTED BENZENE
4METHYLPHENOL
N-NITROSO-DI-N-PROPYLAMINE
HEXACHLOROETHANE
ISOPHORONE
2-NITROPHENOL
24 DIMETHYLPHENOL
BENZOIC ACID
BIS(2-CHLOROETHYOXY)METHANE
2,4-DICHLOROPHENOL
12,4-TRICHLOROBENZENE
NAPHTHALENE
4-CHLOROANILINE
HEXACHLOROPHENOL
4 CHLORO-3-METHYLPHENOL
2-METHYLNAPHTHALENE
2-CHLORONAPTHALENE
HEXACHLOROCYCLOPENTADIENE
2,4,6-TRICHLOROPHENOL
2,4,5-TRICHLOROPHENOL
2 CHLORONAPTHALENE

2,6-DINITROTOLUENE
3-NITROANILINE

2,4 DINTROPHENOL
4-NITROFPHENOL
DIBENZOFURAN

2,4 DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL PHENYL ETHER
FLUORENE

4-NITROANILINE

4,6 DINITRO-2-METHYLPHENOL
4-BROMOPHENYL ETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENTANTHRENE

ANTRACENE
DI-N-BUTYLPHTHALATE
FLOUROANTHENE

PYRENE

107

DRAFT, January 8, 1992



APPENDIX C (CONTINUED)

ORGANICS SCANNED IN SEDIMENT SAMPLES

(Analytical Methods sre Listed According to USEPA, 1990b)
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L0

DIBENZO(AH)ANTHRACENE

BENZO(GHI)PERYLENE
(ETHYL-DIMETHYL-PENTANE
:METHYL PENTANE
‘TETRAMEHTHYL PENTANE
:C3-SUBSTITUTED BENZENE
:C4-SUBSTITUTED BENZENE
:CS5-SUBSTITUTED BENZENE

ANTHRACENE

DI-N-BUTYLPHTHALATE

FLOURQANTHENE

PYRENE
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APPENDIX D

Observed Biological Impacts of Sediment Contamination
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Table D.1. Effects Range-Low and Effects Range-Median Values for Zinc and 46
Concentrations Used to Determine These Values, in Ascending Order. Waukegan Harbor
Concentrations Added (underlined).

Concentrauon (mg/kg) Method/Source
51 Sublethal SSB with R abronius
59 - Sublethal SSB with P. affinis
98 Massachusetts Bay, MA; benthos
117 Massachusetts Bay, MA; benthos
120 ER-L
121 Trinity River, TX; bioassay
127 Waukegan Harbor, IL; bioassay
130 San Fransisco Bay, CA; AET
154 Keweenaw Waterway, MI; bioassay
168 Keweenaw Waterway, MI; bioassay
169 Feral Fraser River, BC; M. balthica absence
172 San Fransisco Bay, CA, bioassay
172 . M. balthica avoidance bioassay
182 Southern California, arthropod abundance
185 Commencement Bay, WA; bioassays
188 Sublethal SSB with R abronius
195 Puget Sound, WA; bioassays
197 Southern California; species richness
205 San Francisco Bay, CA, bioassay
211 Commencement Bay, WA; bioassays
o214 W. \7 i
223 Los Angeles Harbor, CA; bioassays
230 San Francisco Bay, CA; AET
230 Southern California; echinoderm abundance
260 Puget Sound, WA; AET-benthic
267 Little Grizzly Creek, CA; bioassays
270 ER-M :
276 SSB with R abronius;, LC-50
280 WH-8
290 Sheboygan River, WI; bioassays
290 WH-14
©300 WH-3
310 Torch Lake, MI; bioassays
320 Lake Union, WA; bioassays
327 DuPage River, IL; species richness
330 WH-7
334 Black Rock Harbor, CT; bioassays
348 Southern California; bioassays
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370
387
410
449
570
613
707
739
760
870
941

1600
1600
1804
2240

WH-13

Commencement Bay, WA; bioassays
Puget Sound, WA; AET-benthic
Hudson-Raritan Bay, NY; bioassays
Phillips Chain of Lakes, WI; bioassays
SSB with R abronius

Puget Sound, WA; bioassays '
Palos Verdes, CA; major degradation
EP marine chronic threshold @ 4% TOC
Puget Sound, WA; AET-amphipod
Commencement Bay, WA; bioassays
Puget Sound, WA; AET-amphipod
Puget Sound, WA; AET-oyster

Puget Sound, WA; AET-Microtox™
Baltimore Harbor, MD; bioassays

EP marine acute threshold @4% TOC

DRAFT, January 8, 1992

111



Table D2. Effects Range-Low and Effects Range-Medmn Values for Cadmium and 36
Concentrations used to Determine These Values, in Ascendmg Order. Waukegan Harbor
Concentrations Added (underlined).

Concentration (mg/kg) Method/Source
43 Southern California arthropods COA
4.7 Southern California species richness COA
5.0 ER-L
5.1 Puget Sound, Washington, AET-benthic
53 Southern California bioassay COA
5.6 SSB with R abronius
5.8 Puget Sound, Washington, AET-benthic
5.8 SSB with R abronius
62 Southern California echinoderms COA
6.5 SSB with R abronius
6.7 Puget Sound, Washington AET - amphipod
6.9 SSB with R abronius
8.0 Waukegan Harbor average of 23 stations
82 SSB with E. sencillus
84 SSB with R abronius
8.5 SSB with R abronius
8.7 SSB with R abronius
8.8 SSB with R abronius
8.9 SSB with R abronius
9.0 ER-M
9.1 SSB with R abronius
9.6 Puget Sound, Washington AET - oyster
9.6 Puget Sound, Washington AET - Mzcrotox
9.7 SSB with R abronius
9.8 SSB with R abronius
10.0 SSB with R abronius
10.6 Trinity River, Texas bioassay COA
11.0 SSB with P. affinis
115 SSB with R abronius
¢14.0 WH-17
153 Commencement Bay, Washington bioassay COA
18.6 Hudson-Raritan Bay, New York bioassay COA
208 SSB with R abronius
228 Baltimore Harbor, Maryland bioassay COA
23.0 WH-12
25.9 SSB with R abronius
28.7 Palos Verdes Shelf, California bioassay COA
28.7 Palos Verdes Shelf, California benthos COA
31.0 EP chronic marine @4% TOC
380 WH-14
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41.6

«30.0
96.0

Commencement Bay, Washington bioassay COA

WH-13
EP acute marine @4% TOC
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Table D3. Effects Range-Low and Effects Range-Median Values for Lead and 47
Concentrations used to Determine These Values, in Ascending Order. Waukegan Harbor
Concentrations Added (underlined).

Concentration (mg/kg) Method/Source

26.6 Keweenaw Waterway, Michigan bicassay COA
29.0 Keweenaw Waterway, Michigan bioassay COA
30.6  Kishwaukee River, Illinois benthis COA
320 M. balthica burrowing ETS0 COA
350 Norway benthos COA
35.0 ER-L
413 Los Angeles Harbor, California bioassay COA
42.1 San Francisco Bay, California bioassay COA
424 Massachusetts Bay, Massachusetts benthos COA
46.7 Massachusetts Bay, Massachusetts benthos COA
47.8 Southern California arthropods COA
<50.0 San Francisco, California triad minimum effects
51.0 Southern California species richness COA
53.7 Trinity River, Texas bioassay COA
58.9 San Francisco Bay, California bioassay COA
>60.0 FWPCA Classification: benthos absent COA
63.4 San Francisco Bay, Callifornia bioassay COA
64.4 Southern California echinoderms COA
73.1 Southern California bioassay COA
74.0 M. Balthica bioassay avoidance COA
81.7 Fraser River, B.C., Canada benthos COA
89.6 Black Rock Harbor, Connecticut bioassay COA
95.7 San Francisco Bay, California bioassay COA
104.5 San Francisco Bay, California bioassay COA
110.0 ER-M
110.0 Torch Lake, Michigan bioassay COA
1100 WH-22
113.1 Commencement Bay, Washington bioassay COA
120.0 San Francisco Bay, California AET
©130.0 WH-22
21300 San Francisco Bay, California triad significant
effects COA
132.0 EP chronic maine @4% TOC
136.6 Puget Sound, Washington bioassay COA
1400 WH-18
140.0 San Francisco Bay, California AET
i;gﬂ DuPage River, Illinois benthos COA
160.0 Phillips Chain of Lakes, Wisconsin bioassay COA

170.8 Commencement Bay, Washington bioassay COA
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WH-16
 Waukegan Harbor average of 23 stations
WH-10

WH-6

Sheboygan River, Wisconsin bioassay COA
WH-$ ,
WH-11

WH-R

Puget Sound, Washington AET - benthic

Lake Union, Washington bioassay COA

Palos Verdes Shelf, California benthos COA
Hudson-Raritan Bay, New York bioassay COA
WH-7

WH-14

WH-13

Puget Sound, Washington AET - benthic
Baltimore Harbor, Maryland bioassay COA
Puget Sound, Washington AET - Microtox
Commencement Bay, Washington AET - amphipod
Puget Sound, Washington AET - oyster

Puget Sound, Washington bioassay COA
Commencement Bay, Washington bioassay COA
EP acute marine @4% TOC
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Table D4. The Ratio of Metal Concentration in Bulk Sediment Sampies (Risatti et al.,
1990) to the Effects Range-Median (ER-M) value (Long and Morgan, 1990) at 23 stations
in Waukegan Harbor. The Sum of These Ratios is Provided in the Rightmost Column

( £ x/ER-M).

Sation _ (Zn/ER-M,) (Cd/ER-M_,) (Pb/ER-Mp,) ~T X/ERFM

WH-1 0.78 BDL* - 0.49 127
WH-2 0.48 BDL* 033 0.81
WH-3 1.11 BDL* 136 247
WH+4 030 BDL* 0.90 120
WH-5 1.00 0.42 236 3.78
WH-6 0.96 0.44 2.18 358
WH-7 1.22 0.54 3.00 4.76
WH-8 1.04 0.54 2.64 422
WH-9 1.00 0.61 255 4.16
WH-10 0.78 0.44 1.91 3.13
WH-11 0.78 0.72 245 3.95
WH-12 0.74 256 2.55 5.85
WH-13 137 556 382 10.75
WH-14 1.07 422 336 8.65
WH-15 0.74 0.49 1.73 2.96
WH-16 0.74 0.23 1.82 2.79
WH-17 0.89 156 , 255 5.00
WH-18 041 BDL* 127 1.68
WH-19 0.74 0.24 1.18 2.16
WH-20 0.59 0.19 0.91 1.69
WH-21 033 BDL® 55 .88
WH-22 036 BDL* 1.00 136
WH-23 0.81 0.63 136 3.80

* Below Detection Limut (1.3 mg/kg) for Cadmium.
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SOP No.:_LRD I-0069

Rev No.: 1

Date: 06/11/93

ODIUM ACETATE)

This method is confidential and is intended for the sole use and
benefit of CHM HILL, and may not be modified, reproduced,
circulated or quoted in whole or in part, except with the approval
of the Laboratory District Manager of CHM HILL. CH*M HILL assumes
no responsibility whatscever for the precision and bias of results
or the safety of any analysis utilizing this method unless
performed by CHM HILL. It is the responsibility of the user of
this method to establish appropriate safety and health practices
and to determine the applicability of regulatory limitations prior
to use. This method may be changed by CHM HILL at any time without
notice. -
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SOIL ANALYSIS FOR

CATION-EXCEANGE CAPACITY (SODIUM ACETATE)

Worklng Linear Range:__NA
Reportlng Limit:__NA
Reporting Units:__NA
Matrix: __Soil _
Holding Time:

1.0 Scope and Application

1.1 To establish a standard p i 'fﬁor the sodium

acetate extraction of most soil ; uding calcareous
and noncalcareous soils for_the rement of the
soils cation-exchange capati swmethod is
functionally and analytica adent to, and meets
all quality control requir 7 USEPA Method 9081,

CATION-EXCHANGE CAPAG (SODIUM ACETATE).

2.1 The soil 1ghmi d with an excess of sodium
acetate sol 18ing in an exchange of the added
sodium catkéns fo e"matrix catrions. Subsequently,

' i, washgdiwith isopropyl alcohol. An

e spgﬁtion is then added, which replaces
the adsorbed ] with ammonium. The concentration
of displaced s is then determined by Inductively
Coupled Argon Plasma optical emission spectroscopy
(ICP), or an equivalent means.

3.0 Interferences
3.1 Interferences can occur during analysis of the
extract for sodium content. Thoroughly investigate the
chosen analytical method for potential interferences.
4.0 Satity Precautions

4.1 Exercise normal laboratory safety precautions when
performing this method.

5.0 Sample collection and Handling

5.1 Sample Collection, Preservation, and Handllng
All federal, state, local, customer, or CH2M HILL
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requirements must be met.
5.2 Sample Size: minimum 25 g.
5.3 Container: glass or plastic

5.4 Preservation: none

Apparatus

6.1 Centrifuge tube with screw top, plastic,
disposable.

6.2 Centrifuge =

6.3 Mechanical shaker
g. Volumetric flask, 100 s} T™ E694 Class
6 pH Meter E;ig

Routine reventiviiﬁi;pf

7.1 Not appli’ﬂ‘Thb i\E

id4Calib qion Standards

8.1 Reagent ‘ j{§ Reagent water is defined as wéter
in which an int'rférence is not observed at or above
the method detection limit of the analyte(s) of

interest. Typically dionized water, equivalent to ASTM
Type IV water (ASTM D 1193) is used.

Reagents

8.2 Sodium acetate, ACS reagent grade or better

NaC,H,0," 3H,0.

8.2.1 Sodium acetate, NaOAc, 1.0N: Dissolve
136 g of NaCH;0,'3H,0 in reagent water and dilute
it to 1L. The pH of this solution should be 8.2 %
0.1. If needed, add a few drops of acetic acid or
NaOh solution to bring the pH of the solution to
8.2 + 0.1.

8.3 Sodium Hydroxide, concentrated, ACS reagent grade
or better NaOH.

8.3.1 Sodium Hydroxide, 0.01N: Dissolve 0.4 g



10.0

11.0
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of NaOH in 1 L of reagent water.

8.4 Ammonium Hydroxide, concentrated, ACS reagent
grade or better NHOH.

8.5 Acetic Acid, glacial (99.5%), ACS reagent grade or
better.

8.6 Ammonium Acetate, ACS reagent grade
NH,OAC. ' ¢

8.6.1 Ammonium Acetate, NHy
Dissolve 154.2 g of NHOOAc ip
© 2.0 L volumetric flask angd#d, L
1980 mL. Check the pH of "{ha _res lting solution,
adding additional ammonium hydxbxide or glacial
acetic acid as neededy obtaifa pH of 7.0 ¢
0.1, then dilute the g 2
with reagent water.

better

, NHOAc, 1.0N,
ute 114 mL of glacial
ter to a volume of
138 mI, of concentrated
mix, then dilute to

with reagent water. Check
he\ resulting solution, adding
améoﬁium hydroxide or glacial acetic
1/ to obtain a pH of 7.0 + 0.1, then
dilute t ‘ution to a volume of 2.0 L with
reagent wate€r.

8.8 Isopropyl alcohol, ACS reagent grade or better
CH,CH (OH) CH,.

Calibration Procedure

9.1 The pH meter should be calibrated according to LRD
SOP I-0050.

Smelo Preparation

10.1 Mix the sahple gently to insure a representative
sample.

Sample Analysis

11.1 Weigh 5.0 g of soil into a 50 mL centrifuge tube.
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13.0 Data Package Deliverables
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11.2 Add 33 mL of 1.0N NaOAc solution, seal the tube,
and shake in the shaker for S minutes.

11.3 Centrifuge for S5 minutes (until solution is clear)
and decant the liquid (into a 100 mL volumetric flask
for extractable calcium and magnesium analysis).

Note: If for CEC only, discard_this
solution.

es. Dilute
calcium

11.4 Repeat steps 11.2 and 11.3 two
to 100 mL with reagent water for e
and magnesium analysis.

11.5 Add 33 mL of 99% isopropyX, dic , seal the tube
and shake it for 5 minutes.

\%

11.6 Centrifuge for 5 min lution is'clearr

and decant and discard the

11.7 Repeat steps 11:F

frm‘g ? 1
. OAgL
shake it for 5 minti{ew.”

ihutes (until solution is clear)
e llqufﬁ iftfto a 100 mL volumetric flask.

twd more_times.

omts¥on, seal the tube and

! 1
11.10 stgps 11.5 and 11.6 two more times.
11.11 o volume with NH,OAC solution and

analyze for sodium by ICP.
Data Treatment

12.1 Calculations:

12.1.1 Ca meq/100 g = Ca ppm
. 200

12.1.2 Mg meq/lod g = Mg ppm
122

12.1.3 CEC meq/100 g = Na meq/100 g = Na ppm
. 230
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13.1 Refer to the CH2M HILL Redding Quality Analytical
Laboratories Quality Assurance Plan and to the specific
client contract for a listing of deliverables.

Quality Control Requirements

14.1 All quality control data should be maintained and
available for easy reference or inspection.

14.2 Employ a minimum of one blank per
for each 20 samples, to-determine i
any memory effects are occurring.

le batch, or
tamination or

14.3 A material of known cation-
be analyzed with each sample b

Method Validation

15.1 Each analyst must ag *initial, one-time
O generate acceptable

demonstration of the 11 3¢9
accuracy and Pr%;-i%n this method. This

compliance must hted by the analytst’s
supervisor or divr 'bgsmanqggr ’

References f"ﬂ\\\\:} _-

16.1 USBR Clagsification Techniques and Standards
Release No.“§I% 8.4 énd 514.8.6.

16.2 Method 90 W— N
V. 1A; Laboratory Manual,
Physical/Chemical Methods, Third Edition, USEPA Office
of Solid Waste and Emergency Response, November 1986.
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S A CH2M HILL
W14 93 MONTGOMERY LABORATORY
== STANDARD OPERATING PROCEDURES

>va il

~-n2tEE . WET CHEMISTRY DEPARTMENT

METHOD WEAK AND DISSOCIABLE CYANIDE ANALYSIS IN
WATER

CYANIDE, WEAK AND DISSOCIABLE

Method 335.2 CLP.M* (Titrimetric; Manual Spectrophotometri
Spectrophotometric)

mi-Automated

1. SCOPE AND APPLICATION

1.1  This method applies to the determination offc
waters, and domestic and industrial wastes

, surface and saline
1.2 The titration procedure using silver i
indicator is used for measuring concé

1.3 The manual colonmetnc

2. SUMMARY OF

sahberated from a slightly acidified (pH 4.5 to 6.0)
fdistillation conditions. The methods does not cover
CN from right co at would not be amenable to oxidation by chlorine.
The acetate buffer u ntains zinc salts to precipitate iron cyanide as a further
assurance of the selectivity of the methods.

2.1  Hydrogen cya.rﬁ (HCN
sample under i

2.2 In the colorimetric measurement, the cyanide is converted to cyanogen chioride,
CNCl, by reaction with chloramine-T at a pH less than 8 without hydrolyzing to
the cyanate. After the reaction is complete, color forms upon the addition of
pyridinebarbituric acid reagent. The absorbance is read at 578 nm for pyridine-
barbituric acid. To obtain colors of comparable intensity, it is essential to have
the same salt content in both the sample and the standards.

2.3  The titrimetric measurement uses a standard solution of silver nitrate to titrate
cyanide in the presence of a silver sensitive indicator.

*CLP-M Modified for Weak and Dissociable Cyanide
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3.1

4.1

4.2

4.3

4.4

5.1

5.2

5.3

DEFINITIONS

Weak and Dissociable Cyanide is defined as cyanide ion converted to hydrocyanic
acid (HCN) by reaction in a reflux system with slightly acidified sample.

SAMPLE HANDLING AND PRESERVATION

All bottles must be thoroughly cleansed and rinsed to remove soluble material
from containers. '

Oxidizing agents such as chlorine decompose most of the cyanides. Test a drop of

the sample with potassium iodide-starch test paper (KI-s
indicates the need for treatment. Add ascorbic acid a
drop of sample produces no color on the indicator p
0.6 g of ascorbic acid for each liter of sample vo,

paper); a blue color
stals at a time until a
en add an additional

Samples are preserved with 2 ml of 10 N
(ph> 12) at the time of collection (Exhibi

Samples must be stored at 4°C (+
time specified in Exhibit D, Section

INTERFERENCES

Interferences are elimi

S
coldbrimetric and titration procedures. " If a drop of the
{ stipaper shows the presence of sulfides, treat 25 ml
more of the samhle it required for the cyanide determination with

carpdnate.  Yellow cadmium sulfide precipitates if the sample
contains sulfide. R this operation until a drop of the treated sample solution
does not darken the lead acetate test paper. Filter the solution through a dry filter
paper into a dry beaker, and from the filtrate measure the sample to be used for
analysis. Avoid a large excess of cadmium carbonate and a long contact time in
order to minimize a loss by complexation or occlusion of cyanide on the
precipitated material. Sulfides should be removed before the solution is preserved
with sodium hydroxide as described in 4.3.

The presence of surfactants may cause the sample to foam during refluxing. If
this occurs, adding an agent such as Dow Corning 544 antifoam agent will prevent
the foam from collecting in the condenser. Fatty acids will distill and form soaps

mgmR63/012.51 : 2



6.1

6.2
6.3

6.4

7.1

N SR

under alkaline titration conditions, making the end point almost impossible to
detect. When this reaction occurs, one of the spectrophotometnc methods should
be used.

APPARATUS

Reflux distillation apparatus such as shown in Figure 1. The boiling flask should
be 1 liter in size with an inlet tube and provision for a condenser.

Microburet, 5.0 ml (for titration)

Spectrophotometer suitable for measurements at 578 nm a 1.0 cm cell or

larger (for manual spectrophotometric method).

Lachat QuikChem Automated Flow Injection An ichincludes:

6.4.1 Automatic Sampler
6.4.2 Proportioning Pump

6.4.3 Injection Valve Module with a_150 cm*Q.8%qm i.d. sample loop
6.4.4 Flow Cell, 10 mm, 80 uL
6.4.5 Interference Filter Wavelengtl, T
6.4.6 Heater Module ?
6.4.7 Reaction Module I‘QQQS
REAGENTS QJ&*
it tfbn‘ Reagepts
‘!. T

Distillation and.:

7.1.2 Cadmium carbonate: powdered
7.1.3 Ascorbic acid: crystals

7.1.4 Acetic acid, 1 + 9: Mix 1 volume of glacial acetic acid with 9 volumes of
water.

7.1.5 Acetate buffer: Dissolve 410 g sodium acetate trihydrate
(NaC,H,0,.3H,0) in 500 mL water. Add glacial acetic acid to yield a
solution pH of 4.5 (approximately 500 mL) .

mgmR&3/012.51 3



Insert Figure 1
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7.1.6

7.1.7

Zinc acetate solution, 100 g/L: Dissolve 100 g Zn (C,H,0,).H,0 in 500
mL water. Dilute to 1 L.

Methyl red indicator.

7.2 Stock Standards and Titration Reagents

7.2.1

7.2.2

7.2.3

7.2.4

Stock cyanide solution: Dissolve 2.51 g of KCN and 2 g KOH in 1 liter
of distilled water. Standardize with 0.0192 N AgNGQ,.

Standard cyanide solution, intermediate: Dilute 50.0 ml of stock (1 ml =
1 mg CN) to 1000 ml with distilled water.

7.3  Manual Spectrophotometric

7.3.3

mgmR63/012.51

Sodium dihydrog€nphosphaten] MY Dissolve 138 g of NaH,PO, x H,O in
. : i te this solution.

Chlorar : ion™, Dissolve 1.0 g of white, water soluble chloramine-

i tilled water and refrigerate until ready to use. Prepare

7

Color Reage ne of the following may be used:

7.3.3.1 Pyridine-barbituric acid reagent: Place 15 g of barbituric
acid in a 250 ml volumetric flask and add just enough
distilled water to wash the sides of the flask and wet the
barbituric acid. Add 75 ml of pyridine and mix. Add 15 mil
of HCI (sp gr 1.19), mix, and cool to room temperature.
Dilute to 250 ml with distilled water and mix. This reagent
is stable for approximately 6 months if stored in a cook,
dark place.



7.4

8.1

Semi-Automated Spectrophotometric Reagents

7.4.1 Chloramine-T solution: Dissolve 0.40 g of chloramine-T in distilled water
and dilute to 100 mL. Prepare fresh daily.

7.4.2 Phosphate buffer: Dissolve 138 g of NaH,PO,*H,0 in distilled water and
dilute to 1 liter. Add 0.5 mL of Brij-35 (available from Technicon). Store
at 4°C (£2°C).

7.4.3 Pyridine-barbituric acid solution: Transfer 15 g of barbituric acid into a 1
liter volumetric flask. Add about 100 mL of distilled water and swirl the
flask. Add 74 mL of pyridine and mix. Add 15 of concentrated HCI
and mix. Dilute to about 900 mL with distill and mix until the
barbituric acid is dissolved. Dilute to 1 i jsh digtilled water. Store at
4°C (+£2°0C)

7.4.4 Sampler wash: Dissolve 10 g of N jlled watef and dilute to 1

liter.

PROCEDURE

Distillation
8.1.1 Place 500 ml of g4 *J t diluted to 500 ml, in the 1 liter
boiling flask. Add, cractly™ T80 of sodium hydroxide (7.1. 1) to the

8.1.2 Start a My of air entering the boiling flask by adjusting the
vacuum ust the vacuum so that approximately one bubble of
air per secon the boiling flask through the air inlet tube.

NOTE: The bubble rate will not remain constant after the reagents have
been added and while heat is being applied to the flask. It will be
necessary to readjust the air rate occasionally to prevent the solution in the
boiling flask from backing up into the air inlet tube.

8.1.3 Add 10mL each of the acetate buffer and zinc acetate solutions through air
inlet tube. Also add 2 to 3 drops methyl red indicator. Rinse air inlet tube
with water and allow air to mix contents. If the solution is not pink, add
acetic acid (1 + 9) dropwise through air inlet tube until a pink color
persists.

mgmR63/012.51 6



8.2

8.3

8.1.4 Heat the solution to boiling, taking care to prevent the solution from
backing up into and overflowing from the air inlet tube. Reflux for one
hour. Turn off heat and continue the airflow for at least 15 minutes.
After cooling the boiling flask, disconnect absorber and close off the
vacuum source.

Titrimetric Determination (Option A)

8.2.1 If the sample contains more than 1 mg of CN, transfer the distillate, or a
suitable aliquot diluted to 250 ml, to a S00 mi Erlenmeyer flask. Add 10-
12 drops of the benzalrhodanine indicator.

"’ in color from yellow

8.2.2 Titrate with standard silver nitrate to the first c}

8.2.3 The analyst should familiarize himse}f’ ‘of the titration =
and the amount of indictor to be use Actually titrating the samples.
A 5 or 10 ml microburet may {y used to obtain a more
precise titration. : ‘ .
Manual Spectrophotometric Pjtgr_x\nm oy fﬁfb« _
8.3.1 Withdraw 50 nﬂ{é} ' ution from the absorbing tube and
transfer to a 100w Oprety k. If less than 50 ml is taken, dilute to
50 ml with “Yedidm hydtbxide solution. Add 15.0 ml of sodium
phosphaje” setmign® 7-3{)snd mix. |
8.3.1. P)'r_i,ﬂiée-barbituric acid method: Add 2 ml of chloramine-T
3.2) and mix., After 1 to 2 minutes, add 5 ml of

{dine-barbituric acid solution (7.3.3.1) and mix. Dilute
to mark with distilled water and mix again. Allow 8
minutes for color development, then read absorbance at 578
nm in a 1 cm cell within 15 minutes.

8.3.2 Prepare a minimum of 5 standards and a blank by pipetting suitable
volumes of standard solution into 100 ml volumetric flasks. NOTE: One
calibration standard must be at the Contract Required Detection Limit
(CRDL). To each standard, add SO ml of 0.25 N sodium hydroxide.
Standards must bracket the concentration of the samples. If dilution is
required, use the blank solution.

mgmR63/012.51 7



As an example, standard solutions could be prepared as follows:

ul of Standard Solution
1.2.2

0

50
100
250
500
1,000

8.3.2.1

8.4

nge of the analysis. One calibration standard must be
working range of 0-200 ug/L, the following standards

8.4.2.1 It is not imperative that all standards be distilled in the same
manner as the samples. At least one standard (mid-range)
must be distilled and compared to similar values on the
curve to ensure that the distillation technique is reliable. If
the distilled standard does not agree within 115 percent of
the undistilled standards, the operator should find and
correct the cause of the apparent error before proceeding.

mgmR63/012.51 8



8.4.3

8.4.4

8.4.5

8.4.6

mgmR63/012.51

1

ul. Standard Solution Concentration

(2 diluted to 100 ml _ug CN/L
o 0

50 : 2.5
100 5.0
200 10.0
- 500 25.0
1,000 50.0
2,000 100.0

Add 1.0 g of NaOH to each standarde, Store at 4°C

(£2°0).
Place calibration standards, blanks, and s s in the sampler

tray, followed by distilled samples, distj uplical istilled standards,
distilled spikes, and distilled blanks. \

Set Injection Timing With:

8.4.4.1
8.4.4.2
8.4.4.3
8.4.4.4
8.4.4.5
8.4.4.6

8.4.6.1 Inspect modules for proper connections.
8.4.6.2 Tumn on power to all modules. Allow heater to warm up to
60°C.
8.4.6.3 Place reagent transmission lines into proper containers. Rain
tension levers on pump tube cassettes.
8.4.6.4 Pump system until a stable baseline is attained.
9
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8.4.6.5 Set baseline. If necessary, manually inject a high standard

to set gain on colorimeter.

8.4.6.6 Program data system to initial parameters or those
: empirically determined. :

8.4.6.7 Place calibration standards and blank in sample tray in -
descending order of concentration followed by unknowns,

and check standards.

8.4.6.8 At end of run, place all transmission lines in water, flush
system and pump dry.
8.4.6.9 Turn off pump, all modules, pump tube

cassettes.

9. CALCULATIONS

9.1  Using the titrimetric procedure, calcu]z

1, conversion ml to L
ml original sample (See 8.1.1)
ml of aliquot titrated (See 8.2.1)

mgmR63/012.51 10




Manifold Diagram

R
_ — R
B o

| pyridinevdarbiturie acid
oy
chlsranine-2
phesphate huffer
oPARge Ys e
mﬂu 3 3 | ‘ l
ve.
1{ A/~ )4 b ' ie Leop = 10 on te abbha
SMULE .
T o sy Tl ITRm ﬁm
CARRIER is 0.25 M sodi ide, Reagent 1.
1" is 70.0 cm of tubing on a 1 in coil support
2 is 135 cm of tubing on a 2 in coil support
285 is 168 cm of tubing on a 2.5 in coil support
K is 202 cm of tubing on a 3 in coil support
4 is 258 cm of tubing on a 4 in coil support
8 is 550 cm of tubing on a 8 in coil support

Heated tubing is shown inside a box with the temperature next to the box. heated
~ tubing is 650 cm unless otherwise specified.

All manifold tubing is 0.8 mm (0.032 in) i.d. This is 5.2 uL/em.
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United States Office of Office of Soiid Waste EPA/S40/4-81-0C2
Environmemal Pratection Ressarcn and and Emergency Marcn 1991
Agency Devecomaent Resoonse

EPA

Ground Water Issue

DENSE NONAQUEOUS PHASE LIQUIDS
Scott G. Huling* and James W. Weaver**

Background

The Regional Superfund Ground Water Forum is a group of
EPA professionais representing EPA's Regional Superfund
Offices. commmed to the idemification and the resolution of
ground water issues impacting the remediation of Superfund
stes. The Forum s supponed by and advisss the Superfund
Technical Suoport Project. Dense nonaqueous phase fiquids is
an issue identfied by the Forum as a concemn of Superfund
decision-maxers. For further information comtact Scott G.
Huling (FTS.743-2313), Jim Weaver (FT15:743-2420), or
Rancall R. Ross (FTS: 743-2355).

introduction

Dense nonaqueous phass liquids (INAPLS) are present a1
numarous hazardous waste sites and are suspected {0 exist at
many more. Due 1o the numerous variables influencing DNAPL
transport and fate in the subsurface, and consaguently, the
emum compiexty, DNAPLs are {argety undetected and vet

r ignif himmng { r I
Thrs ISsue paper s a Iteraure evaiuation focusing on DNAPLs
and provices an ovarview from a conceptual fate and transpon
point of view of DNAPL phase distribution, monitoring, sie
characterzauon, remediation, and modeling.

~ Nonagueous phasae liquid (NAPL) is a term used 10 describe
the physicai and chemical differences between a hydrocaroon
kauid and water which resutt in a physical interface between a
mixture of the two liquids. The interface is a physical dividing
surface batween the buk phases of the two iiquids, but
compounas found in the NAPL are not prevented from
solubilizing into the ground water. Immiscibility is typically
determined based on the visual observation of a physical
merface in a2 water- hydrocarbon mixturs. There are numerous
methods, however, which ars used 1o quantiy the physical and
chemical propertias of hydrocarbon liquids (31).

Nonagueous phasa liquids have typically been divided into two
goneral ctegeries, densa and ight. Thess terms describe the
specilic graviry, or the weight of the nonaqueous phase liquid
relative to water. Comespondingly, the dense nonaqueous

phase liquids have a spacific gravity greater than watsr, and
the ight nonaqueous phase liquids (LNAPL) have a speciiic
gravity less than waier.

Several of the most common compounds associated with
DNAPLs found at Supertund sites are included in Tabls 1.
These compounds are a panial fist of a larger fist idemified by a
national scresning of the most prevaient compounds found at
Supertund sites (65). The general chemical categonas are
halogenated/non-halogenated semi-volatiles and halogenated
volatiies. These compounds are typically found in the foliowing
wastes and waste-producing processes: solvents, wood
presarving wastes (creascte, pentachlorophenal), coal tars,
and pesticides. The most frequently cited group of thess
contaminants to date are the chiorinated soivents.

DNAPL Transport and Fate - Conceptual Approach

Fate and transport of DNAPLs in the subsurface will be
presented from a conceptual point of view, Figures have besn
selected for varous spill scenanos which illustrate the general
behavior of DNAPL in the subsurtace. Following the
conceptual approach, detailed information will be presened
explaining the specific mechanisms, processas, and variables
which influence DNAPL fate and transpon. This includes
DNAPL characteristics, subsurface media characteristics, and
sauration dependem paramaeters.

Unsaturated Zone

Figure 1 indicates the general scsnario of a release of DNAPL
into the soil which subsequently migrates venically under both
the forces of gravity and soii capillarity. Soil capilianity is also
responsible for the (ateral migration of DNAPL A port is
reached at which the DNAPL no longer hoids together as a
continuous phase, but rather is present as isolated residual
globules. The fraction of the hydrocarbon that is retained by
capillary forces in the porous media is referred {0 as residual

* Environmemal Engineer,” Research Hydrologist, U.S.
Enwvronmental Protection Agency, Robert S. Kerr Environmental
Researcn Labararory, Ada, Okiahoma.
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Table 1. Most prevalant chemical compounds st U.S. Superfund Sitas (65) with a specific gravity

greatsr than one.

Density Dynamic{2] Kinematc Water{d] Henry's Law Vapor(6)
Compound {1 Viscosity Viscosity(3] Salub. Constant(§] Pressure
Halogenated Semi-veiatiies
1.4-Dichiorobenzene 12475 12580 1.008 8.0 E+O01 1S8E-QQ 6 E-O1
1.2-Dichiorobenzene 1.2060 1.3020 0.997 1.0 E+02 1.88 E-Q3 9.8 EO1
Arocior 1242 1.3850 . 45 E-O1 3.4 E04 4.06 E-O4
Arociot 1260 1.4400 27 E-03 34 EO4 4.05 E-05
Arocior 1254 1.5380 12 E02 28 E04 7.71E-08
Chiordane 1.6 1.1040 0.68 56 E02 22 E-O4 1 EOS
Dieidrin 1.7500 1.86 E-01 9.7 E-06 1.78 E-07
2.3.4,6-Tetrachloropheno!  1.8390 1.0 E«&3
Pentachiorophenol 1.9780 : 1.4 E+01 28 E08 1.1 E04
Halogensted Volatiles
Chiorocberzene 1.1060 0.7560 0.683 49 B2 346E-03 8.8 E+0
1.2-Dichicropropane 1.1580 0.8400 0.72 27 E«03 3.6 E03 3.95 E+01
1,1-Dichiorosthane 1.1750 03770 0321 55 E«@ S4ASE-O4 1.82 E+02
- 1,1-Dichicroethyiene 12140 03300 027 4.0 E«02 149E-03 § EeR
~1.2-Dichloroethane 12530 0.8400 0.67 8.69 E+03 1.1 E-03 637 E+01
—Trans-1 2 Dichloroethylene 12570  0.4040 0.321 63 E«R 5§32 E-03 2.65 E«02
- Cis-1.2-Dichiorosthylene 12480 0.4670 0364 35 E«3 75 E-03 2 E+«02
1.1,1-Trichibroethane 1.3250 0.8580 0.647 95 Ee«2 408E-03 1 EeR
Maethviane Chinride 1.3250 0.4300 0324 1.32E+04 257E(3 45 E«02
1,1 2-Trichlorosthane 1.4436 0.1190 0.824 45 E«3 1.17E-03—  1.23TZ+01
Trehiorostnyene 1.4620 05700 0.390 1.0 E«03 892E-G3 5.87 E+01
- Chioroform 1.4850 0.5830 0379 822E+03 3.75E3 1.6 E+02
Carbon Tetrachioride 1.5947 0.9650 0.605 80 E+02 20 EQ2 9.13 E+01
© 1,122-Tetrachioroethane 1.6 1.7700 1.10 29 E« 5.0 E04 4.9 E+00
Tetrachiorosethyiene 1.6250 0.8900 0.54 15 E+«R 227 E-02 1.4 E+01
Ethylene Dibromide 21720 1.6760 0.79 3.4 E+« .18 E-04 1.1 E+01
\
Non-halogenated Semi-voiatiles
2-Methy! Napthalene 1.0058 254 E+01 5.06 E-02 6.80 E-02
o-Crasol 1.0273 3.1 E«04 4.7 E05 245 E-Ot
p-Cresol 1.0347 24 E«O4 a5 E04 1.08 E-01
, 2.4-Dimethyiphenol 1.0360 62 E«3 25 E-06 98 E-02
m-Crasol 1.0380 21.0 20 235E+04 38 E05 153 E-01
Phenol 1.0576 .87 8.4 E«04 7.8 EO7 S293E-01
Naphthaiene 1.1620 3.1 E«01 127E03 2.336E-01
Benzo(a)Anthracene 1.1740 . 1.4 E-02 45 E-08 1.16 E-09
Flourene 12030 1.9 E+00 7.65E-05 6.67 E-04
Acsnaphthens 12250 3.88 E+00 12 E03 231 E-02
Arthracene 12500 75 E02 338E-0C5 1.08 E-05
Dbenz(a.h)Anthracene 12820 25 E03 733 E-08 1 E-10
Fluoranthsne 12520 2,65 E-01 65 EO6 E@ EO8
Pyrene 12710 1.48 E-01 12 EO5 6.67 E-08
Chrysene 12740 . 6.0 E-03 1.05 E-08 63 E-09
2.4-Dinitrophencl 1.6800 6.0 E+«03 6.45E-10 1.49 E-05
Miscallansous
Coal Tar 1.028™M 18.98M
Creosote 1.05 1.08™
1} gee 5] aun-mimal
{2] cencporse (cp), wawhasadyrnmacv«motl cp at 20C. [6] mmHg
[3] cenvsiones (c) M1 45 F (70)

[4] meA

i8] 15.5°C. vanes wrh creosow mix (62)



Rgure 1. The entire volume of DNAPL s sxhausiad by residusl
saturstion in the vadosa zone prior 10 DNAPL resahing
the watsr tabla. Soluble phase compounds may be
teached from the DNAPL residusi saturation and
contaminsts the ground watsr.

. saturation. in this soill scenario, the residual saturation in the
unsaluraied zone exhausted the voiume of DNAPL, preventing
I from reaching the water table. This figure aiso snows the
subsequent leacning (solubiiization) of the DNAPL residual
saturaton by water percolating through the unsaturated zons
(vadoss zone). The ieachate reaching the saturated zone
resulls in ground-water comtamination by the soluble phase
components of the hydrocarbon. Additionalily, the residual
saturation at or near the waier table is aiso subjected to
leaching from the rise and fall of tha water tabie (seasonal, sea
level, otc.).

Increasing information is drawing attention to the importance of
the possiility that gaseous-phase vapors from NAPL in the
unsaturated zone are responsie for contaminating the ground
water and soil (18,47). I is reported that the greater ‘relative
vapor densfty” of gaseous vapors 10 air will be affected by
qravity and will tend to sink. In subsurface systems where

_ Jeral spreading is not restricted. spreading of the vaoors may
occur as indicated in Fgure 2. The resutlt is that a greater
amount of spils ano ground water will be exposed to the
DNAPL vapors and may resuft in further contaminauon. The
extent of comamination will depend largely on the partitioning
of the DNAPL vapor phase between the agueous and solid
phases. -

DNAPL Phase Distribution - Four Phase S

X is apoarent from Figures 1 and 2 that the ONAPL may be
present in the subsurface in various physical states or what is
referred to as phasas. As illustrated in Figure 3, there are four
possible phases: gaseous, solid, water, and immiscbie
hydrocarbon (DNAPL) in the unsaturated zons. Contaminarnts
associated with the reiease of DNAPL can, therefore, occur in
four phases described as follows:

1. Air phase - contaminants may be present as vapors:

2 Solid phasa - contaminants may adsorb or pannion onto
the soil or aquifer matenal;

3. Water phase - contaminants may dissolve into the water
according 10 thewr solukility; and

Fgure 2. Migrstion of DNAPL vapors from the spill ares and
subsequent contamination of the solls snd ground
water.

4. immisciie phase - contaminans may be presant as
dense nonaqueous phase fiquids.

The four phase system is the most compiex scenario because
thers are four phases and the contaminant can partition
between any one or all four of these phasaes, as dlustraled in
Figure 4. For example, TCE introduced imo the subsurface as
a DNAPL may partition onto the soil phase, voiatilize into the
soil gas, and solubilize i the w=or phasa resulting in
contamination in all four phases. TCE can aiso parttion
betwesn the water and soil, watar and air, and between the soil
and air. There are six pathways of phasa distribution in the
unsaturated zons. The distribution of a contaminant between
these phases can be represented by empincal relationships
refarred to as pantition coetficients. The pantition cosfficients, or
the distrbution of the DNAPL batween the four phases, is
highly site-specific and highly dependent on the characteristics
of both the soilaquifer matrix and the DNAPL. Thersiors, the
distribution between phases may change with time and/or
locaton at ths same site and during different stages of site
remediation.

Figure 3. A DNAPL contaminated unsatursied 2one has four
physicai ststes or phases (alr, solid, water, immiscible).
The contaminant may be present in any one, or ail four
phasas.
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Rgure 4. Distribution of DNAPL between the four phasas found
In the vudose 20ne. ‘

The concect of phase distrbution is critical in decision-
making. Understanding the phase distribution of a DNAPL
Imroduced into the subsurface provides significant insight in
determining which 100is are viable options with respect to sae
characierization and remaediation.

DNAPL reprasented by residual saturation in the four phase
diagram is largely immabile under the usual subsurface
pressure condilions and casi iw.igoals fudher only: 1) in water
according 10 ts soiubility; or 2) in the gas phase of the
unsaturated 2one (47). DNAPL components adsorbed onto the
soil are aiso considered immobile. The mobile phases are,
thereiore, the soluble and volatile components of the DNAPL
n the water and air, respectively,

The pore space i the unsaturaied zone may be filled with one
or all three fluid phases (gaseous, aqueous, immiscible). The
presance of DNAPL as a continuous immiscbis phase has the
patertial to be mobile. The mobility of DNAPL inthe
subsurface must be evaluated on a case by case basis. The
maxumum number of potentially mobile tiuid phases is three.
Simuttangous flow of the three phases (air, water, and
immiscible) is considerably more complicaied than two-phase
flow (46). The mohility of three phasa fiow in a four-phase
system is complex, poorly understood, and is beyond the
scope of this ONAPL overview. The relative mability of the two
phases, water and DNAPL, in a three-phase system is
presented beiow in the section entitied “Relative Permeability.”

Generally, rock aquilers contain a myriad of cracks (fractures)
of varous lengths, widths, and aperntures (32). Fractured rock
systems have been described as rock biocks bounded by
discrete discomtinuities comprisad of fractures, jpints, and
shear zones which may be open, mineral-filled, deflormed, or
any combination therect (61). The unsaturated zone overlying
these fractured rock systems also contain the myriad of
preferenuial pathways. DNAPL introduced into such formations
(Fqure 5) follow compiax pathways due to the haterogensous
distribution of the cracks, conduits, and fractures', Le.,
preferential pathways. Transport of DNAPL may foliow non-
Darcian flow in the cpen fractures and/or Darcian fiow in the
porous media filled fractures. Relatively small volumes of
NAPL may move deep, quickly into the rock because the

FRgure 5. DNAPL spified into fractured rock systems may
follow & complex distribution of the preferential pathrweys.

retention capacity offered by the dead-end fractures andthe ™
immobile fragmants and giobuies in the larger fractures is so

small (32). Currantly, the capability 1o collect the detaiied

information for a compiete description of a comaminzied

fractured rock system is regarded as neither technically

possible nor economically feasbie (61).

Low permeai.y straig-aphic units such as high cay content
formations <oy 2les 27~:ain a heterogeneous distribution of -
preferential pathways. As illustrated in Figure 6, DNAPL
transport in thass preferential pathways is correspondingly
complex. Typically, it is assumed that high ciay tontent
formations are impervious to DNAPL. However, as DNAPL
spreads out on low permaeable formations it tends to seek out
zones of higher permeability. As a resul, preferential pathways
allow the DNAPL to migrate further into the low pefmeabls
formation, or through it to underlying stratigraphic units. R is
apparent from Figures 5 and € that the complexity of DNAPL
transporn may be significam prior to reaching the water table.

Saturated Zone

The second general scenaric is one in which the volume of
DNAPL is sutficient to overcome the fraction depieted by the
residual saturation in the vadose zone, as dlustrated in Figure
7. Consequently, the DNAPL reaches the water table and
contaminaies the ground water directly. The specific gravity of
DNAPL is greater than water, therefors, the DNAPL migrates
imo the saturated zone. in this scenaro, DNAPL continues the
vertical migration through the saturated zone until the volume
is evertually exhausted by the residual saturation process or
until it is intercepted by a low permeable formation where it
begins 1o migrate iaterally.

DNAPL Phase Distriution - Three Phase Syst

Due 10 the lack of the gassous phasa, the saturated zone
containing DNAPL is considered a three-phase sysiem
consisting of the solid, water, and immiscible hydrocarbon
{Figure 8). Comaminant distrbution in the three-phases system
is less compiex than the four-phase system. Again, this is
highly dependent on the characteristics of both the aquier
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Rgure §. DNAPL spilled into a low permesbie formation msy
foliow s compiex distribution of preferential pathways.
The volume of DNAPL is axhsusted In the vadose 2one

prior 10 reaching the wsalsr tabla.

" matrix and the DNAPL Figure 9 indicates the three phases

ana the transier of the mass of contaminant between the
phasaes. in this scenaro, there are only three pathways of
phase distribution in the saturated Zone.

Note that when the DNAPL is represented by residual
saturation in the three-phase system, the mobile phase of the
contaminant is the water soluble components of *=3 CNAPL

- and the immobile phases are the residual saturation and the
asosorbed components of the DNAPL associated with the
aguier material. The main mobilization mechanssm of the
resdual saturation is removal of soluble phase components
imo the ground watar. When the DNAPL is present as a
continuous immiscible phase, 2 100 is considered one of the
mobile phases.of the comaminant. While the cortinuous phase
DNAPL has the'potential to be mobile, immobile continuous
phase DNAPL may aiso exist in the subsurface. Although the
saturated zone is consikiered a three-phase system, gaseous
vapors from DNAPL in the unsaturaled zone ooes have the

~—

Figure 7. The volume of DNAPL ls sufficient 10 overcome the
realdual saturation in the vadoss 20ns and
consequently penetrates the water tabie.

Figure 8. A DNAPL contaminsted satursied zone has three
phases (solid, water, inmiecidie). The contaminant
may be present in any one, or all three phasas.

potential to affect ground-water quality, as was indicated sariier
n Figure 2.

Assuming the residual saturation in the saturated zone does
not depiete the entire volume of the DNAPL, the DNAPL will
continue migrating vertically until t encounters a zone or
stratigraphic unit of iower permeability. Upon reaching the zone
of lower permeability, the DNAPL will begin to migrate laterally.
The hydraulic conductivity in the vertical direction is typically
less than in the horizontal directisn. & & =i Uncommon 10 find
vertical conductivity that is one-filth or cne-tenth the horzomal
value (4). Il is expected that DNAPL spilled into the subsurtace
will have a significant potential to migrate (ateraily. Iif the lower
permeable boundary is “bowi shaped®, the DNAPL will pond as
a resarvoir (refer to Figure 10). As illustrated in Figure 11, 1t is
nat uncommon 10 observe a perched DNAPL reservoir whers a
discontinuous impermeabie layer; ie., silt or clay lens,

_intercapts the venical migration of DNAPL. Whan a sutficient

volume of DNAPL has been releassd and multiple
discontinuous impermeable layers exist, the DNAPL may be
present in several perched reservoirs as well as a desp

Three Phase System

" DNAPL
N
\\\\\
\\‘\

>~ Soil

- Water

4
K’ = DNAPL-waier partdton coeflicient
K = Soil-water partition coefficent

Figure 9. Distribution of DNAPL between the three phases found
in the saturaied zone.



— and around, the DNAPL contamingitey susss.-

Rgure 10. Migration of DNAPL through the vedose zone 10 an
impermesbie boundary.

reservoir (refer to Figure 12). Lateral migration continues unti
either the residual saturation depistes the DNAPL or an -
impermeable depression immobilizes the DNAPL in a reservoir

—1ype scenano. Soluble-phase componerus of the DNAPL will

panition into the ground water {rom both the residual saturation
or DNAFPL poois. The migration of DNAPL vertically through
the aquifer results in the reisase of soluble-phase

componens
of the DNAPL across the entire thickness of the aquifer. Nots, -

that ground water becomes contaminated as i flows through.

T -

As indicated earfier, DNAPL wil migrate laterally upon
reaching a stratigraphic unit of lower permeabiity. Transport of

DNAPL will therefore be largely dependent on the gradient of - —

the straugraphy. Occasionaily, the directional gradient of an

' - _impermeable stratigraphic unit may bs different than the

direction of ground-water flow as illustrated in Figure 13a. This
may resukt in the migration of the continuous phase DNAPL in
a direction different from the ground-water fiow. Nonhorizontal
stratgraphic units with varying hydraulic conductivity may also —
convey DNAPL in a differeni direction than ground-water flow,
and at different rates (refer 10 Figure 13b). Determination of the
direciion of impermeabls stratigraphic units will therefore
provide ussiul informaton conceming the direciion of DNAPL
transport.

P777777 7777777777777 777777777777
LAY

Figure 11. Perched DNAPL reservoir.

Fgure 12. Perched and deep DRAPL ressrvolim,

Similar to the unsaturated zone, the saturated zone aiso
contains a2 complex distribution of preferential pathways from
cracks, fractures, joints, stc. DNAPL introcuced into such
formations correspondingly follow the complex network of
pathways through an otherwise relatively impermeabis rock

material. Other pathways which may behave as vertical —

conduits for DNAPL include roat holes, stm-grzphuc windows,
dispesal welis, unseaied gcotodinial borehoies, i

sanied hydrugoologed investigation samgpiing holes and

moni wells, andoidunasodh:mabdmwpplymk
" (72). Transport of the DONAPL may migrate very rapidiy in these

open conduits or follow Darcian flow in the sumounding porous

media or porous media filled fractures. A relatively small
volume of DNAPL can move desp into 3 fractured system due
10 the iow retentive capacity of the fractured

Conssequently, fractured clay or rock stratigraphic uni!s which
are often considered iower DNAPL boundary conditions, may
have preferential pathways leading 10 iower formations, as
depicted in Figure 14. Careful inspection of soil cores at one
Supertund site indicated that DNAPL flow mainly occurred

~ through preferential pathways and was not uniformily
distributad throughout the soil mass (8). Due o the compiex

Figure 13a. Stratigraphic gradient different from ground weter
gradient resutts in a ditferent direction af flow of the
ground water and continuous phase DNAPL.

—
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Fgure 13b. Non-horizontal stratigraphic units with variable
hydraulic conductivity may convey DNAPLIns
different direction than the ground water flow
direcoon.

distribution of preferential pathways, characterization of the
voiumse distribution of the DNAPL is difficult.

Important DNAPL Transport and Fate Parameters

Thers =re severz! cHaracienstics associated with both the
subsuriace media and the DNAPL which lamely determine the
fate ana transpon of the DNAPL. A brief discussion of these
parametaers is incduded 1o help identity the specific details of
DNAPL transpont mecnanisms. Several of the distinctive
DNAPL phenomena observed on the field-scale relates back to
phenomena at the pore-scale. Thersefore, & is important 10
understand the'principles from the pore-scaie level to deveiop
an understanding of fieid-scaie observations, which is the scale
at which much of the Superfund work occurs. A more
compiete and comprehensive review of these parameters is

~ avaiiable (2,36,71).
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Figure 14. DNAPL transport In fracture and porous media
stratgraphic units.

DNAPL Characteristics

Density

Fluid densiy is defined as the mass of fluid per unit volume,
ie. grem? . Density of an immiscdle hydrocaroon fiuid is the
parameter which delineates LNAPL's from DNAPL's. The
property vanes not only with molecuiar weight but aiso
molecular interaction and structura. in general, the censity
vanes with temperature and pressure (2). Equivaient methods
of expressing density are specific weight and specific gravny.
The specific weight is defined as the weight of fiuid per unt
volume, i.e. DA, The specific gravity (S.G.) or the relative
density of a fluid is defined as the ratio of the weight of a given
volume of substance at a specifisd tamperature 10 the weght
of the same volume of water a1 8 given temperaturs (31). The
S.G. is a reiative indicator which ultimately determines whether
the fluid will float (S.G.< 1.0) on, or penstrate into (S.G.>»1.0)
the water table. Table 1 contains a list of compounds with a
density grexter than one that are considered DNAPL's. Note,
however, that while the specific gravity of pentachiorophenol
and the non-haiogenated semi-volatiles i greater than 1.00,
these compounds are a s0lid at room temperature and wouid
not be expected 1o be found as an immiscie phases liquid at
wood preserving sites but are commonty found as contami-
nants. Pemtachiorophenol is commonly used as a wood
pressrvant and is typically dissolved (4-7%) in No. 2 or 3 fuel
oil

¥Yiscosity

The viscosity of a fluid is 2 measure of its resistance to flow.
Molecular cohesion is the main causas of viscosity. As the
temperature increases in a liquid, the cohesive forces
decrsass and the absolute viscosity decreases. The lower the
viscosity, the more readily a fluid will penetrate a porous
media. The hydraulic conductivity of porous media is a function
of both the density and viscosity of the fluid as indicated in
equation {1). t is apparent from this equation that fluids with
either a viscosity less than water or fluids with a density graater

than water have the potential to be more mobile in the
subsuriace, than wxter.

K « hydraulic conductivity 1]
k = intrinsic psrmeability -

p = fluid mass densay

g = gravty L

}- = dynamic (absoiite) viscosity

Ka kog where,
m

Results from laboratory experiments indicated that ssveral
chiorinated hydrocarbons which have low viscosity (methyiens
chionde, perchioroethylene, 1,1,1-TCA, TCE) wil infitrate into
soil notably faster than will water (47). The relative value of
NAPL viscosity and density, 10 water, indiczies how fast it will
flow in porous media (100% saturated) with respect 10 water.
For example, several low viscosity chivrinaied hydrocarbons
(TCE, tetrachioroethyiens, 1,1,1-TCA, Methyiens Chioride,
Chlorolorm, Carbon Tetrachioride, refer to Table 1) will flow
1.5-3.0 times as fast as water and higher viscosity compounds
including fight heating oil, diese! fuel, jet fuel, and crude oil {i.e.
LNAPL's) will flow 2-10 times slower than water (45). Both coal
tar and creosote typically have a specific gravity greater than
one and a viscostty greatsr than water. It i interesting to note



that the viscosity of NAPL may change with time (36). As fresh
cruce oits iose the iighter voiatie components from
svaporation, the oils become more viscous as the heavier
components Composas a larger fraction of the oily moaure
resulting in an NCTeass in viscosity,

Solhility
When an organic chemical is in physical contact with water, the

organic chemical will partition into the aqueous phass. The
squitbrium concemration of the organic chemical in the

aqueous phase is referred 1o as s solubility. Table 1 presents

the solubility of severai of the most commonly found DNAPL's
at EPA Superiund Sites. The soiubiiity of organic compounds
varies considerably from the infinitely miscible compounds,
induding aicohois (ethanol, methanol) to extremely low

solubility compounds such as polynucisar aromatic
compounds.

Numerous variablas influence the solubility of organic
compounds. The pH may atffect the solubility of some organic
compounds. Organic acids may be expecied to increase in
solubility with increasing pH. while organic bases may act in
the cpposne way (31). For exampie, pentachiorophenol is an
acid which is ionized at higher pH's. in the ionized form,
pentachiorophenci wouid be more soluble in water (59).
Solubility in water is & function of the temperature, but the
strength and directon of this function vanes. The prasence of
dixenived salts or minerals in water ieads 10 moderate
decraases in soiubilty (31). In a2 mixed soivent system,
consisting of water and one or More watel-miscidle
compounds, as the fraction of the cosoivent in the mixture
increases, the solubility of the organic chemical increases
sxponentially (12). in genaeral, the greater the molecular weght
and structural compiexity of the organic compound, the lower
the solubilty.

\
Organic compounds are only rarely found in ground water at
concentrations approaching their solubiity limits, sven when
omganc hquid phasas are known or suspected 10 be present.
The cbsarved concsntraiions are usually mors than a factor of
10 lower than the soiubility presumably due to diffusional
Imitations of dissolution and tha dilution of the dissoived
oganc conaminants by dispersion (74). This has aiso been
attnbuted 10: reduced solubility due to the presence of other
soluble compounds, the hsterogeneous distribution of DNAPL
in the subsurtace, and dilution {from monitoring welis with ong
imake lengths (10). Detection of DNAPL components in the
subsurface beiow the solubility shouid clsarty not be
imemreted as a negative indicator for the presence of DNAPL

In a DNAPL spill scenario where the DNAPL or its vapors are
in contact with the ground waier, the toncentration of the
soluble phase components may rangse from non-detectable up
10 the solubility of the compound. The rate of dissoiution has
been expressed as a function of the properties of the DNAPL
components (solubility), ground water flow conditions,
differential between the actual and soiubility concentration, and
the contact area between the DNAPL and the ground water
{10). The contact area is expected to be heterogensous and
ditfficult to quantity. Additionally, as the time of contact
incraases between the DNAPL and the water, the
concantration in the aqueous phase increases.

Vapor Preesyume

The vacor pressure is that characteristic of the organic
chemical which determines how readily vapors volatilize or
evaporate from the pure phase liquid. Specifically, the partial
pressurs exerted & the surface by thess free moiecules is
known as the vapor pressure (30). Molecuiar activity in a liguid
tends to free some surface molecusies and this lsndency
fowards vaporization is mainly dependent on temperature. The
vapor pressure of DNAPL's can actually be greater than the
vapor pressurs of volatile organic compounds. For exampis, &t
20 C, the rato of the vapor pressuras of TCE and benzens s
14(Q1)

Yolatifty

The volatility of a compound is a measure of the transfer of the
from the aquecus phase 1o the gaseous phass. The
transfer process from the water to the mimosphere s
dependert on the chemical and physical properties of the
compound, the presence of other compounds, and the physical
properties (velocity, turbuiencs, depth) of the water body and
atmosphere above it The factors that comtrol volatilizaton are
the soiubiiity, molecular weight, vapor pressure, and ths nature
of the air-water interiace through which it must pass (31). The
Henry's constanm is a valuable parameter which can be used to
heip evaiuate the propensity of an organic compound 1o
volatilize from the water. The Henry's law constant is defined
as the vapor pressurs divided by the aqueous solubility.
Therefore, the greaier the enry's Iz.. i awail, iNe grazter the
tendency to volatiize from iie eque.--~ Shaea. rafer 10 Table 1.

Intertacial Tensi

The unique behavior of DNAPLs in porous media is largely
attributed 1o the imerfacial tension which exists between
DNAPL and water, and between DNAPL and air. These
imteriacial tensions, result in distinct imertaces between thess
fluids at the pore-scals. When two immiscible hquids are in
contact, there is an intertacial energy which exists between the
fluids resulting in a physical interface. The interfacial energy

arises from the difference between the inward attraction of the

molecules in the intenor of sach phase and those at the

surface of comact (2). The greaier the interfacial tension
between two inmiscible liquids; the lsss likely emuisions will
form; emuisions will be more stable ¥ formad, and the better

the phass separation after mixing. The magnitude of the .
imeriacial tension is less than the larger of the surface tension
values for the pure liquids, because the mutual attraction of
unlike moiecuies at the interface reducss the large imbalance

of forces (31). interfacial tension decreases with increasing

temperature, and may be affected by pH, surlactants, and

gases in solution (38). When this force is sncountered between
a iquid and a gassous phase, the same forcs is called the
surface tension (66).

The displacement of water by DNAPL and the displacement of
DNAPL by water in porous media often invoives a phenomena
referred 10 as immiscle fingering. The lower the interfacial
tension between immiacile fluids, the greater the instability of
the water:DNAPL interface and thus the greater the immiscibie
fingering (27). The distribution of the fingering sffects in porous
media has been reported to be a function of the density,
viscosity, suriace tension (27) and the displacemant veiocity



{13) of the fiuids invoived as weil as the porous media
heterogeneny (28).

Wettabilgy

Wettabiiity refers 1o the relative affinity of the sod for the
varous fiuids - water, air, and the organic phase. On a solid
surface. exposed to two different fluis, the wettabilty can be
inferred from the comact angie (66), also referred 1o as the
wetung angle, refer 1o Figure 1S. in general, # the wetling angie
i loss than 90 dagrees, the fluid is said 10 be the wetting fluid.
in this scenanio, water will preferentially occupy the smaller
pores and will be found on soiid surlaces (14). When the
wetting angie is near 90 degrees, neither fiuid is preferentially
sttracted 1o the solid surfaces. f the wetting angle is grestar
than 90 degrees, the DNAPL is said to be the wetting fiuid. The
wetling angie is an indicator used 1o determine whether the
porous maierial will be preferentially wetied by either the
frydrocarbon or the aqueous phase (71). Wettabiiity, thersiore,
describes the preferential spreading of one fluid over solid
surfaces in a two-fluid system. The wetting angle, which is a
measure of wettabiiity, is a solid-liquid interaction and can
actually be dafined in terms of interfacial tensions (71).
Several methods have been developed 10 measure the wetting
angle (36,71). in most natural systems, water is the wetting
fluxd, and the immiscible fluid is the non-wetting fiuid. Coal tar
may be the exceolon (Le. contact angie greater than 90
degreas), which is mainly attributed 10 the presance of
surfactants (70). The wetting fluid will tend 1o coat the surface
of grains and occupy smaller spaces (i.e. pore throats) in
porous media, the non-wetting fluid will tend 10 be restrictad to
the larpest openings (47). .

The wetting angie depends on the character of the soiid
surface on which the 1es! is conducted. The tast is conducted
on flat plates composed of minerals which are believed
representative of the media, or on glass. Contacl angie
measurements for crude oil indicates that the wetting angles
vary widely depending on the mineral surface (53). Soil and
aquifer material are not composed of homogensous mineral
composition not flat suriaces. The measured wetling angle can
only be viewed as 3 quaiitative indicator of wetting behavior,

The reader is recommended to refer to reference No. 82 for
review of the basic principies and for vanous techniques 10
measure the following DNAPL parameters: denstty, viscosity,
interfacal tenson, solubility, vapor pressure, and volatility.
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Figure 15. Watting angie and typical wetting fiuld reistionships.

Subsurtace Medis Characteristics
Capillary Force/Pressure

Capillary pressure is importartt in DNAPL transport becauss @
largely determines the magnitude of the residual saturation that
is loft behind after a spill incident. The greater the capiliary
pressurs, the graater the potential for residual saturgnon. in
gonoml. the capillary fores increasas in the following order;

sand, sit, ciay. Carrespondingly, the residual saturation
naussmﬂ'n same order. Capillary pressure is 3 measure
of the tendancy of a porous medium o Suck in the fluid
phass or 1o repel the nonwetting phase (2). Capillary forces are
ciossly related 1o the wettability of the porous media. The
preisrential attraction of the wetting fluid to the solicd surfacss
cause that fluid to be drawn into the porous media. Capillary
forces are due to both adhesion forces (the attractive foroe of
Biquid for the soiids on the wails of the channeis through which
&k moves) and cohesion forces (the attraction forces between
the moilecuies of the liquid) (32). The capillary pressure
depends on the geometry of the void space, the naturs of
solids and liquids, the degree of saturation (2) and in general,
in-creases with a decrease in the wetting angle and in pore
size, and with an increase in the interfacial tension (71). All
pores have some vaiue of capillary pressure. Before s
nonwetling fluid can enter porous media, the capillary pressure
of the largest pores (smaliest capillary pressure) must be
exceeded. This minimum capillary pressure is called the entry
pressure.

" inthe unsaturated zone, pors space may be occupied by

water, air (vapors), or immiscible hydrocarbon. in this scanario,
capillary pressure retains the water (wetting phasa) mainly in
the smalier pores where the capillary pressure is greatest. This
restncts the migration of the DNAPL (non-wetting phass)
through the larger pores unoccupied by water. Typically,
DNAPL does not displace the pore water from the smaller
pores. It is interesting to note that the migration of DNAPL
through fine matenal (high capillary pressurs) will be impeded
upon reaching coarsst material (low capiilary pressure).

The capillary fringe will obstruct the entry of the DNAPL into
the saturated zone. When a sufficent volume of DNAPL has
been relsased and the “DNAPL pressure head” sxceeds the
water capillary pressure st the capillary fringe (entry pressure),
the DNAPL will penetrate the water table. This is why DNAPL
is sometimes cbserved 1o temporarily flatten out on 10p of the
water table. Similarly, laboratory experiments have been
conducted in which DNAPL (tetrachiorosthylene) infiltrating
through porous media was found to flow laterally and cascade
cff lsnses oo fine 10 penetrate (28), (refer to Figure 11). This
was afiributed 1o the inability of the DNAPL 10 overcome the

- high capillary pressure associatad with the lenses. Logically,

when “ONAPL pressure head® exceeds the capillary pressure,
“the DNAPL will penstrate ito the smaller pores. These
laboratory experiments are important because they llustrate
that smail differences in the capillary characteristics of porous
media can induce significant lateral flow of non-wetting fluids.

A compreshensive investigation of capillary trapping and
multiphase flow of organic biquids in unconsolidaied porous
media reveaied many intncacies of this process in tha vadoss
and saturxied zone (66). An importamt note is that while
capillary pressure & rarely measured at hazardous wasie sites,



the soil texture (sand, s, clay) is usually recorded during
drilling operatons and soil surveys. This informauon, aong with
soil core anatysas will helo to deiineais the statigraphy and
the voiume cistrioution of NAPL

Pore Size DistributioryinRial Mo c :

In natural porous mediz, the geometry of the pore space is
sxtremety irregular and compiex (2). The heterageneity of the
subsuriace environment i.e. the variabilty of the pore size
distribution, directly affects the distribution of the czpillary
prassures along the interfaces between the aquecus and -
inmischle phases (50). In saturated column experiments, it
was observed that NAPL preferentially traveled through strings
ol macropores, almost compietsly by-passing the water filled
~~icropores (66). in the same study, a heterogensous

d stribution of coarse and fine porous material was simuizted.
Most of the incoming organic liquid preferentially traveled
through the coarse leas maierial

In short term column drainage experiments, resuits indicated
that the panicie grain size is of primary impornance in
conuoliing the residual saturation of a gasoline hydrocarbon
(19). Fine and coarse sands (dry) were found 1o have 55%
and 14% residual saturation, respectively. The finer the sand,
the greater the residual saturation. During these expenments,
the residual saturation was reduced 20-30% in a medium
sand and 80% in a fine sand when hosandsmnhmally\nt.
Soil pore water hea Ugntty by capu.ary forces in the sma:i
pores will imit ths NAPL = $ha larger pores, and thus, resuf in
ower residuai saturation. in a similar laboratory (unsaturaied)
column study, the smaller the grain size used in the
expeniment, the greater the resiciuai saturation of the NAPL
(74). The residual saturation in the saturated column
experiments was found 1o be greater than the unsaturated
columns and was Mopondom of the particie size distri-
buton,

These cbsarvations follow traditional forcs theory.
Resxual saturation resutting from a DNAPL spill in the
unsaturaied zone i highly dependent on the arecscent
Tosture coment in the porous media. When the moisture
c.rient 1 iow, the strong capillary forces in the smalier poras
tanacously draw in and hold the DNAPL. When the

e 5 TUr content is high, the capillary forces in the smaller

o: "= will retain the soil pore water, and DNAPL residual
~tusaton will mainly occur in the larger pores. Therefors,
greaier residual saturation can be expecied in dryer soits.
Correspondingly, NAPL will migrate {urther in a wetler soil,
and displacement of NAPL from smail pores is expected 1o
be more ditficuit than from large pores.

Sitiqraphic Grad

DNAPL migrating vertically will iely encounter & zone or
stratigraphic unt of lower vertical permeability. A reduction in
the vencai permeability of the porous media will induce istera
fiow of the DNAPL The gracent of the lower permeable
stratigraphic unit will largely determine the direction in which
the DNAPL wikl flow. This is applicable to both the saturated
and unsaturated zones. As depicted in Figures 13a and 13b,
the lateral direction of DNAPL flow may be in a different
direction than ground-water flow.

10

Ground Water Flow Velocity

The ground water flow velocity is 8 dynamic stress parameter
which tends to mobilze the hydrocaroon (39). As the ground
water velocily incraases, the dynamic pressurs and viscous
forces increase. Mobiiization of DNAPL occurs when the

viscous forces of the ground water acting on the DNAPL,
exceeds the porous media capillary forcss retaining the

Saturstion Dependent Functions

Residual Saturat

Residuat saiuration is defined as the volume of hydrocarbon
trapped in the pores reiative 10 the total volume of pores (38)
and thereiore is measured as such (74). Residual saturstion
has aiso been described as the saturation & which NAPL
becomes discontinuous and is immobized by capiilary forces
(36). The values of residual saturation vary irom as low as 0.75
- 1.25% for light od in highly permeable media to as much as
20% for heavy oi (50). Residual saturation vaiues have aiso
been reported to range from 10% to S0% of the totai pore
space (39,74). Other ressarchers repored that residual
sauration vaiues appear 1o be relatively insensitive © fluid
properties and very sensiive to soil properties (and
hsterogeneities) (66). Laboratory studies conducied 10 predict
the residual saturation in soils with similar texture and grain
size distrbutian yieided significantly different vaives. &t was
sonchuded that minor amourts of clay or sitt in a soil mayphv
a significant role in the cbserved vaiues.

in the unsaturated zone during low moisture conditions, the
DNAPL residual saturation will wet the grains in a pendular
state (a ring of iquid wrapped around the contact point of &
pair of adjacent grains). During high moisture conditions, the
wetting fluid, which is typically water, will preterentially occupy
the penduiar area of adjacent grains and the hydrocarbon will
occupy other available pore space, possibly as isoiated
droplets. in the sxturaied zone, the DNAPL residual saturation
will be prasent as isolated drops in the open pores (47).
Furthermore, results of laboratory expenmentation indicated
that residual saturation increased with decrsasing hydrauiic
conductivity in both the saturated and unsaturated zones and
that the residual saturation is greaiest in the saturated Zone.
Laboratory experiments indicated that vadose zone residual
saturation was roughly one third of the residual saturation in
the saturated zone (66). The increase in residual saturation in
the saturated zone is due to the following: (1] the fluid densitly
ratio (ONAPLair versus DNAPL-water above and beiow the
water table, respectively) favors greater drainage in the vadose
zone; (2] as the non-wetting fluia in most saturated media,
NAPL is trapped in the larger pores; and, [3] as the wetling
fluid in the vadass zonae, NAPL tends 10 spread into adjacent
pores and isave a bwer residual coment behind, a process
that is inhibited in the saturated zone (36). Thm,trnapu:ty
for retention of DNAPLS in the unsaturated zone is less than
the saturated Zone.

Relative P il

Relative psrmeabilty is defined as the ratio of the permeability
of a fluid at a given saturaion 10 its permeabiiity &t 100%
saturation. Thus & can have & value between 0 and 1 (71).



Figure 16 iliustrmies a relative permeability graph for a two fiuid
phase system snowing the reiationship between the ocbsarved
permeaviiity of each fluid for varous saturations to that of the
observea permeability i the sample wers 100% saturated with
that fluid (73). The three regions of this graph are sxpiained as
foliows (71): Region | has a high saturation of DNAPL and is
considered a continuous phase while the water is 8
dmscontinuous phase, therefore, water permeability is iow.
Assuming the DNAPL is the non-wetting fluid, water wouid ffl
the smalier capillaries and fiow through small ireguiar pores. In
Region i, both water and DNAPL are continuous phases
although not necessarily in the same pores. Both watsr and
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Fgure 16. Reistive permasbllity graph.
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NAPL flow simutanecusly. However, as saturation of sither
phass increasas, the reiative permeability of the other phase
con-soondingiy decreases. Region Il exhibits a high

= saturauon of water while the ONAPL phase is mainiy
discontinuous. Water flow gominates this region and there is
ittle or no flow of DNAPL.

Both fluids {low through only a pant of the pore space and thus
only a part of the cross section under consideration is available
for fiow of sach fluid. Therefore, the discharge of each fluid
must be iower corresponding to its proportion of the cross
sectonal area (46).

Figure 17 is ancther relative permeability graph which
demonstrates saveral points. Smail increases in DNAPL
s&uraton results in a significant reduction in the relative
permeabiity of water. However, a smafll increase in water
saturation does not result in a significant reduction in DNAPL
reixtive permeability. This figure identifies two points, SO1 and
S02, where the saturation of the DNAPL and the water are
greater than O beiore there is a relative permeability for this
fluid. The two fluids hindar the movement of the other 1
ditferent dagrees and both must reach a minimum saturation
before thay achieve any mobility at all (47). These minimum
saurations, for the water and DNAPL are identified as
imeducible and residual saturation, respectively.
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Figure 17. The reiative permasbliity curves for wuter and 8
DNAPL in a porous medium as a function of the pore
Space saturston.

Site Characterization for DNAPL

Characierization of tha sibsurfase environment at hazardous
waste sites containing DNAPL is compiex and will lisely be
expensive. Specific details associated with the volume and
timing of the DNAPL reiease are usually pooror are not
available and subsuriace heterogenaeity is responsible for the
complicated and unpredictabls migration pathway of
subsurface DNAPL transport. As discussed previously, siight
changes in vertical permeability may induce a significant
horizontal component 1o DNAPL migration.

Site characterization typically invoives a signilicant investment
in ground-water analyses. Although anaiysis of ground water
provides useful informaiion on the distribution of the soluble
components of the DNAPL, the presance of other phasass of
the DNAPL may go unrecognized. The investigation must,
theraiors, be more datailad 10 cbtain information concerming
the phass distrbution of the DNAPL at a site. Site
characterization may require analyses on all four phases
{aqueous, gaseous, solid, immiscible) to yield the appropriats
information (refer to Table 2). In briet, data collected on the
various phasss must bs compiled, svaluaied and used 1 help
identity: whare the contaminant is presently iocated; where it
has been; what phasas it occurs in; and what direction the
mobile phases may be going. A comprehensive review of se
characterization for subsurface investigations is available (68).
Deveiopment of monitoring and remediation strategies can be
focused more effectively and efflicently after a clear definition
of the phasas distribution has bsen completed.

Ground Water

Ground water analyses for organic compounds, in conjnction
with ground water flow direction data, has repeatedly been
used to: delineais the sxient of ground water contamination
from DNAPL; determina the direction of plume migration; and



Table 2 - Phase Distribution of DNAPL in the Subsurtace

MATRIX BHASE
1. ground waier agueous - soiuble componems of DNAPL
2. soi/aquiler solid - adsorbed components of DNAPL
mutenal on soiid phase matenal
A, DNAPL immiscible - continuous phass (mobile),
residual saturation (immobile) :
4. soigas gaseous - volatile components

o identidy probabie DNAPL source arsa(s). While this
approach has been used successfully 10 characterize the
distrbution of comtaminants in the subsurface, there are
mitations. For example, since DNAPL and ground water may
flow in different directions, as indicated in Figures 13a and 13b,
ground water analysss may not necessarily identity the
direction of DNAPL migration.

Ground water analysas may be ussful to identily probable
DNAPL source areas, but, estimating the volume of DNAPL in
the subsurface is limited using this approach. Soluble phase
components of DNAPL are rarsly found in excess &% i3% wi
the soiubility even when organi: iquids are known 2x_
suspectad tO be Plesdin. 11w wincantration of soluble DNAPL
components in the ground water i not only a function of the
amount of DNAPL presant, but aiso the chemical and physical
characteristics of the DNAPL, the contact area and time
between the ground water and DNAPL, and numerous
transport and {ate paramaelers (retardation, biodegradation,
disperson, etc.). One technique has been deveioped using
chemical ratios in the ground water as 3 means of source
dentification and contaminart fate prediction (18).
SolVAquitfer Materisl

Exploratory Borings

Physical and chemical analyses of soil and aquifer material
(drill cuttings, cores) from exploratory borings will provide
ussful information in the delineation of the horizontal and -
vertical mass distribution ot DNAPL. While simple visual
axamination for physical presencs or absence of contamination
mght seem ke a worthwhile technique, i can be deceiving
and doss nathing 1o sort out the vanous Iaqudphas.mdtmi

relationship 1o sach ather (71). A quantitative approach is
necessary 10 determine DNAPL distribution,

Dril cuttings or core material brought to the surface from
esxpioratory borings can be screened initially 10 help delinexte
the depth at which vdmbwmponomtmmvm
phasas of the hydrocarbon exists. The organic vapor analyzer
and the HNU are smaii ponable instruments that can detect
certain volatile compounds in the air. Thess methods are used
© initially screen subsurface materiais for volatile components
of DNAPL. Iidentification of individual compounds and their
concentrations may be confirmed by other, mors precise,
analyses.
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Analysis of the s0i or aquifer material by more accuraie
means, such 83 gas chromaography or high pressure quid
chromatography, will take longer but will provide more specic
information on a larger group of organic compounds, Le.,
volatila/non-volatile, and on specific compounds. Thia
information is necessary © help fix the honzontal and vertical
mass distribution of the cortasminant and to heip delineats the

however; a bw
relative concentration indiczies that the comaminant may
mainly be present in the gassous or aqusous phases; and a
high reiative concentration indicates the presence of soroed
contaminant or free phase iquid either as continuous-phass or
residual saturation. A more rigorous set of anayses is required
10 distinguish between the various phases.

Additional tests 1o identlly the prasence of NAPL in soi or
aquiler core sampile are curently undeveioped and ressarch in
this ares is warranted. Squeezing and immiscbis displacement
techniques have been used to obxain the pors waier from
cores (40). Other methods of phase ssparation involving
vacuum or cenirfugation may aiso be developed for this use. A
paint filter test was proposed in one Superfund DNAPL field
nvestigation where aquiier cores were placed in a filterfunnel
apparatus, watsr was added, and the filtrate was examined for
separate phases. These core analysis techniques have
potential 1o provide vaiuable field data 10 characterize NAPL
distrbution,

Cone Penetrometer

Tha cone penstromaeter (ASTM D344 1-86){69) has been usad
for some time 10 supply data on the enginsering properties of
soils. Recantly, the application of this technoiogy has made the
leap 10 the hazardous waste arena. The resistance of the
formation is measured by the cons penstrometer as it is driven
venically into the subsurface. The resistance is interpreted as
a measure of pore pressura, and thus provides information on
the relative stratigraphic nature of the subsurface. Petroleum
and chiorinated hydrocarbon plumes can be detected most
sffectively when the cone penstromater is usad in conunction
with in-situ sensing technologies (48). Features of the cone
penetromater include: a continuous reading of the stratigraply/
permeability; in-situ measursment; immedixie results are
availabie; time roquumnoms are minimal; vertical accuracy of
stratigraphic compasition is high; ground-water sampies can be
coliected n-sau and the cogt is relatively low.

Dmlmmthom ponnmuanbous-dtodaﬁm
probable pathways of DNAPL transport. This is accomplished
by identifying permeability profiles in the subsurfacs. A Zone of
low permaeability undertying a more permeable stratigraphic

“unit will likely impede vertical transport of the DNAPL. Where

such a scenario is found, a collection of DNAPL is probable
and further steps can be implemented 1© more accurately and
economically investigate and condirmn such an occurrence.
This genseral approach has successiully been mplmnud at
one Superiund site (8).

DNAPL
Well Leve| Measyrements

In an efiort 1o delineats the horizontal and vertical extert of the

DNAPL at a spill site, # is imporiant 10 determine the sievation



of DNAPL in tha subsurface. Monitoring DNAPL sievation over
time wil indicate the maobiity of the DNAPL. There are several
maethoas that can be used to determine the presence of
DNAPL in a monitoring weil. One method relies on the
ditterancs in slectrical conductivity between the DNAPL and
water. A conductivity or resistivity sensor is lowerad into the
well and a profile is measured. The interface of the DNAPL is
accuraiely determined when the diffarence in conductivity is
cetectad betweasn the two fluids. This instument may aiso be
usad 1o delineate LNAPL A transparent, bottom-bading bailer
can atso be used 1o measure the thicknass (and to sampie) of
DNAPL in a well (36). The transparent bailer is raised 10 the
surface and the thickness of the DNAPL is made by visual
measuremaernt.

Several laboratory and field studiss have been periormed
which investgaie the anomaly between the actual and
maasurad LNAPL leveis in ground-water wells (15,18,24.25).
The anomaly between actual and measured NAPL thickness in
the subsurface is also applicable to ONAPL, but for different
rsasons. The location of the scrasning intervai is the key to
understanding both scenarios. First, # the well screen interval
s stuated emuely in the DNAPL layer, and the hydrostatic
heaa (water) in the well is reduced by pumping or bailing, then
1© maintain hydrostatic equilibrium, the DNAPL wiil rise in the
well (36,44,71) (refer to Figure 18). Secondly, I the wel screen
exiendas imd the barnier layer, the DNAPL measured thickness
wiil excoed that in the focmation by the iength of the well beiow
the bamer surface (38) (reler to Figure 19). Both of these
scenanos will fesut in3 greater DNAPL thickness in the weil
and thus a false indication (overestimats) of the actual DNAPL
thickness will result. One of the main purposes of the
monnonng weil in 38 DNAPL investigation is 1o provide
information on the thickness of the DNAPL in the aquiler.
Thereiore, construction of the well screen shouid intercept the
pround water:-DNAPL interface and the iower end of the screen
shouid be placed as cicse as possibie 10 the impermeable
sTagraphic unit,

Figure 18. A weil screened only in the DNAPL In conjunction
with jower hydrostatic head (I.a. water) in the weil

may result in an oversstimation of DNAPL thickness.
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Figure 18. A well scresned into an impermeable boundary
may result in an over-sstimstion of the DNAPL
thickness.

DNAPL Sampiing

Sampling of DNAPL from a well is necassary 1 perform
chemical and physical anaiyses on the sampis. Two of the--
most common methods used 1o retrieve 8 ONAPL samois from
a monitoring well are the perisiaitic pump and the bailer. A
peristaltic pump can be usad to collect a sample i the DNAPL
s not beyond the effective reach of the pump, which is typically
jess than 25 feet. The best method 10 sampie DNAPL is to use
a double check vaive bailer. The key 10 sample collection is
controlied, siow iowering (and raising) of the bailer 1o the
botiom of the well (57). The denss phass should be collected
prior to purging activities.

Soil-Gas SUMys

A soil-gas survey refers 10 the analysis of the soil air phase as
a means 1o delineae underground comamination from volatile
organic chamicais and ssveral techniques have been
deveioped (34,52). This investigative 0ol is mainly used as a
preliminary scresning procedure 1o delineate the arsal extent
of volatile organic compounds in the s0i and ground watar.
This method is quick, less sxpensive than drilling wells and can
provide greater pluma resoiution (33).

Data from a soil-gas survey is a valuable aid in the
deveiopment of a more detailed subsurtace investigation

"where ground waier monitoring wells and expioratory borings

are strategically located for further site characterization. There
are limitations to soil-gas surveys (26,52) and data
imerpretation must be periormed carefully (35,49). Soi-gas
investigations have mainly been conducted 1o identify the
loczation of the organic contaminants in ground water. Al the

time of this publication, the scientific literature did not comain

information specificaily appiicable 1o the delineation of DNAPL

from soil-gas survey data. However, # is surmisabie that soil-
gas surveys can be usad to help delineate DNAPL residual

saturation in the unsaturated zone or the iocation of perched
DNAPL resarvoirs.



Al scellansous

The vernical migration of DNAPL In the saturated zone will
eventually be cnallenged by a low permeabilty straugraphic
unil. According to the panciples of capillary pressure, the bwer
permaeabiity unt will exhib a greater capillary pressure.
Displacement of water by DNAPL requires that the hydrostatic
force from the mounding DNAPL sxceed the capillary force of
the bw permsability unt. The Hobson formula is usad to
compute the critical hegit calculation 1o overcome the
capiiary pressure under different pore size conditions (70).

In an effort 10 minimize further ONAPL contamination asa -
resul of drilling investigations, precautionary steps should be
takan. Penetration of DNAPL resarvoirs in the subsuriace
during drilling activilies offers a conduit for the DNAPL 10
migrais vertically into previously uncortaminaied areas. R is
very sasy 1© unknowingly drill through a DNAPL pool and the
bed I sits on, causing the pool to drain down the hole i &
desper part of the aquifer or into a different aquiler (32).
Special attention to grouting and sealing details during and
after drilling operations will help prevent cross-comamination.

Precautionary efforts should aiso be considersd when a
DNAPL reservoir is encountsred during drilling operations. The
recommenced agproach is 10 ceasa drilling cperations and
install a well scresn over the DNAPL zone and csass further
drilling activities in the well. f It is necessary to drill deeper,
consiruction of an adjacemt well is recommended. Akematively,
7 & 8 nat necessary 10 screen off that interval, it is
recommended to carefully saal off the DNAPL zone prior to

drilling deeper.

Well construction material compatibiity with DNAPL should be
investigatad 1o minimize downhole materiai failure. A
construction matsrial compatibility review and possidle testing
will prevent the castly failure of well construction material. The
manufacturers of well construction material are likely 10 have
the most sxiensive compatiility data and information
available.

Remaediation

Remediation of DNAPL mainly invoives physical removal by
ether pumping or rench-drainiine systems. Removai of
DNAPL sarly in the remediation process will eiminaie the main
sourcs of contaminants. This step will substartially improve the
overall recovary. sfficiency of the various DNAPL phases
induding the long term pump and traat remediation sfiorts for
soiuble components. Remediation technologies such as
vacuum extraction, biodegradation, ground water pumping,
and soil flushing is mainly directed at the immobile DNAPL and
the vanous phasas in which its components cocur, Physical
barriers can be used in an effort to minimize further migration
of the DNAPL.

Clsan-up of DNAPL can involve sizable expenditures: they are
difficult 1o sxtract and the technology for their removal is just
evoiving (43). Historically, fieid recovery efforts usually proceed
with a poor understanding of the volume distrbution of the
DNAPL This refiects the difficullies invoived in adequate site
characterization, poor documentation of the raiease, and the
complexity associaied with the DNAPL transpoft in the
subsurtacs.

Pumping Systems

Pumping represerts an important measure 1o stop the mobile
DNAPL from migrating as a separaie phase by creating a
hydraulic cortainment and by removal of DNAPL (44). Very
simply, DNAPL recovery is highly dependent on whether the
DNAPL can be located in the subsurface. The best recovery
Soenario is one in which the DNAPL is continuous snd has
coliected 23 a reservorr in a shallow, impermeabile sutsuriace
deprassion. Once the DNAPL has been iocated and recovery
wells are properly instalied, pumping of pure phase DNAPL is
a possbie option but depends largely on sits specific
conditions which inciude, but are not fimited to: DNAPL
thickness, viscosity, and psrmeability.

Many DNAPL reservoirs in the subsurfacs are of imitad
volume and areal extent. Thersiore, il can be expeciad that
bath the ievel of DNAPL (saturaied thickness) in the wel will
decline from the prepumping position and the percentage of
DNAPL in the DNAPL water mixture will decreass rather
rapidly. Corespondingly, DNAPL recovery sfficiency
decrsases. Fleid results indicale that recovery wells screened
only in the DNAPL {ayer will maintain maximum DNAPL-water
ratios (102). Well diameter was not found 1o influsnce long
term DNAPL recovery; however, large diameter weils aliow
high volume pumping for short durations; and smail diamster
waells result in lower DNAPL_water mixtures and gresiar
drawdown.

" An enhanced DN-L 1ewwvey scheme may be used to
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improve recovery =ancy. 41 additional well is constructad
with & screen int@iva »: it gound water 2one iocated
vertically upward from the DNAPL screen intake. Ground water
is withdrawn from the upper screen which resufts in an
upwelling of the DNAPL (70), refer to Figure 20. The upweliing
of the DNAPL, coal tar in this case, improved the rats (twotoid)
at which the coal tar was recovered resulting in a more efficient
operation. The ground water withdrawal rate must be caretully
determined; too much will resutt in the coal tar from rising
excessively and being either mixed (emuisions) with or
suppressed by the higher water veiocity above; oo low will not
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Figure 20. A DNAPL recovery systam whaere deilberste
upweiling of the static coak-tar surface s used 1o
incresase the flow of product into the recovery welis.



caused upwaliing. An estimate of this upwdfm can be
cacuiaied using the simpified Ghyben-Herzberg Principle
under ideal conditions (4). Laboraioty studias indicaiad that
dimethyl phthaiate (1.19 g/cc) recovery rats was doubied or
tripied over the conventional, NON-UPCONING, recovery scheme
(75). A similar application of this technique was used to
incrsase the level of DNAPL (soivents) in a sandstone bedrock
formaton (11). Other anhanced DNAPL recovery techniques
were implamentad Wizing both water floading and welbore
vacuum. Essentially, this minimized drawdown, allowing a
maximum pumping rats of the DNAPL-water mixture. Both
tachniques offered significant advantages in terms of the rata
and potential degree of DNAPL removal (8).

The highly corrosive nature of some DNAPL's may increass
maintenance problems associated with the recovery system. A
dasign consideration during any DNAPL racovery program
should inciude a material compatbility review 10 minimize
downhole failures. This is applicable 1o the well construction
maxterial and the various appurtenances of the recovery
system. Manufacturers of the construction material wouid
most likely have the best compatibility information svaiiable.

While most scientists agree that the residual sxturation of
immiscibie hydrocarbon droplets in porous media are
immobile, researchers have investigaied the mobility of
residual saturation in porous media for enhanced oi recovery
and for NAPL remediation at spill sites. Specificaily, this
inciudes a complax interpiay between four lorces us,
gravity, capillary, buoyancy). Thess forces are dependent ¢
bath the chemical and physical characternistics wi-the ONAPL
and porous media. The mobilization of residual saturation
mnainly hinges on sither increasing the ground water veiocity
which increases the viscous forcss between the rssidual
saturation and the ground water, or decreasing the interiacial
tension batween the residual saturation and the ground water
which decreases the capillary forces,

The capiflary nutnber is an empirical relationship which
measures the ratio between the controlling dynamic siresses
(absoiute viscosity and ground water velocity) and siatic
stresses (interfacial tension) of the residual saturation (39). The
former are the viscous stresses and the dynamic pressure in
the water which tend 10 move the ol The latter are the
capillary stresses in the curved waser/oil interfaces which tend
1 hoid the oi in place. As the capillary number is increased,

momobﬂitydmusidualsnumbniuoms.hahhocmry'

column study, the capilary number had 10 be increased tweo
orders of magnitude from when motion was initiated 1o
compiete displacement of the hydrocarbon in a sandstone core
{74). In a glass bead packed column, only one order of
magnitude increase was required. However, a higher capillary
number was required to initiate mobifity. The difference in
mobility batween the two columns was attributed to the pore
geometry, Le. size, shape.

There are imitations to residual saturation mobilization. The
ground water gradient (Gh/dl) necessary to obtain the critical
capillary number 1o inttiate biob mobilization would be 0.24. To
otxtain compiste NAPL removal would require a gradient of 18
(3). Ground water gradients of this magnitude are unrealistic.
Another estimate of the gradient necessary 1o mobilize carbon
{atrachioride in a fine gravel and medium sand was 0.09 and
9.0 respectively (74). The former gradient is steep but not
unreasonable and the latter gradiant is very steep and

impractical to achisve in the field. The same ressarchers
conciuded from more recent, comprehensve studias. that the
sariier pradictions were optimistic, and that the gradient
necessary to mobiize residual organc fiquid is clearty
impracical (65). Another Emitation is that along with residual
sxuration mobilization, the NAPL biobs disperss into smaller
bicbs and that the biob distribution was dependent on the
resulting capiiary number (6). Recovery of the NAPL residual
saturation by pumping ground waiel may bs more feasiie
whaers the porous media is coarse and capillary forces are iow,
ie. coarse sands and gravel. However, sven in this scenarno, i

- i expecied that the radius of residual saturation mobilizetion

wouid be narTow.

1 is held in petroleum engineering theory that the only practical
means of raising the capillary number dramatically is by
lowering the interfacial tension (39) and that this can be
achisved by using surfactants (66). Surfactants reduce the
interfacial tension between two fiquids, and thereiors, are
injected into the subsurface for snhanced recovery of
immiscbie in laboratory experiments, surfactant
flushing solutions produced dramatic gains in flushing even
after substartial water flushing had taken place (54).
Unfortunately, surfactants can be quite expensive and cost
prohibitive in NAPL recovery operations. Surfactants are
usually polymeric in nxture and a surfactant residus may be
left behind in the porous media which may not be

environ acceptable. Additionally, surfactants may be
akaline and thus affect the pH of the subsurface environment.
% has been suggested that such a surfactant may inhibit

. . bacterial metabolism and thus preciude subsequent use of

biological technoiogies at the sitse. Significant ressarch in this
area is currently underway which may uncover information

improving the sconomics and feasbility of this promising
technology.

In summary, practical considerations and recommendations
conceming the mobilization and recovery of residuai saturation
include the following: grsater sffectiveness in very coarse

- porous media i.e. coarse sands and gravel; recovery welis
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should be installed cioss to the source to minimize {low path
distance; a large volume of water will require treatment/
disposal at the surface; compounds with high interfacial
tension or viscosity will be difficult to mobilize; and implemen-
tation of inear one-dimensional sweeps through the zones of
residual saturation (74) and surfactants wil optimize recovery.

Pumping the soluble components (aqueous phass) of DNAPL
from the immisciie (continuous and residual saturation), sobd
{sorbed), and gaseous phases has been perhaps one ot the
most effective means 1o date 1o both recover DNAPL from the
subsurface and to prevent plume migration. of

Recoveryof
‘soluble components quite often has been the only remediation

means available. This is lamgely attributed to the inability to
iocxte ONAPL poois and dus to iow, DNAPL yieiding
formations. The basic principles and theory of pump and treat
technology and the successes and failures have been
summarized in other putiications (64,67) and is beyond the
scope of this publication.

Pumping solubilized DNAPL components from fractured rock
aquifers historically has been plagued with a poor recovery
sfficiency. Although the rock matrix has a relatively small
imesgranuiar porosity, & is commonly large enough 1o aliow
dissolved contaminants from the fractures 10 enter the matrix
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by diffusion and be stored there by adsorption (32). The
release of thess components is expected 10 be & siow diffusion
dominatad procaess. This is becausa little or no water flushes
through dead-end fractute segmants or through the porous,
impennous rock matnx. Therefore, clsan-up potential is
estimated to be less than that oxpoctod for sand and gravel

aquiers.
“~anch Systems

“.anch systems have alsc baen ussd successtully 1o recover
DNAPL and are usad whan the reservoir is located near the
ground surtace. Trench sysiems are aiso eflective when the _-
DNAPL is of limited thickness. Recovery lines are placed
horzontally on top of the impermeable strangraph:: unit.
ONAPL flows into the collection trenches and seep into the
recovery lines. The lines usually drain to a coliection sump
whaere the DNAPL is pumped to the surface. Similar 10 the
pumoing system, an enhanced DNAPL recovery scheme may
be implemented using drain lines to mprovo recovery
officiency. This *dual drain line system® (41) wtilizes a drain fine
ocaned in the ground water vertically upward from the DNAPL
ne. Ground waner is withdrawn from the Upper screen which
results in an upwaeiling of the DNAPL which is coliected in the
lower lina, reter to Fgure 21. This increases the hydrostatic
head of tha DNAPL. Excessive pumping of sither single or dual
drain ine systems may result in the ground water “pinching off®
the fiow of DNAPL 10 the drain line. An advantage of the dual
drain sysiem is that tha oil:wiler separation requirements at
the surfacs are reduced.

Vacuum Extraction

Soil vacuum extraction (SVE) is a remediation technoiogy
which invoives applying a vacuum to unsaturated subsuriace
strata o induce air fiow. Figure 22 fllustrates that the votatile
contaminants present in the contaminated strata will svaporats
and the vapors are recovered at the surface and treated.
Common methods of treatment include granuiar activaied
carbon, catalytic oxidation, and direct combuston. SVE can
sffectively remove DNAPLM as residual saturation of its
soluble phase components in the unsaturated zone. in general,
vacuum sxiraction is expecied to be more applicable for the
d\bmaodnwm(PCE.TCE.DGE}Mmpoqud:
ammatic compounds (wood presarnving wastes, coal targ, etc.).
When DNAPL is present in perched pools (Figure 12) & is more
efiactive 1o remove the continuous phase DNAPL prior to the
implementation of SVE. The same strategy is applicable in the
saturated zone where DNAPL removal by SVE is antempred
concomitantly with lowering the water table. Upon lowering the
water table, SVE can be used 1o remove the remnant voistile
wastes not previously recovered. Often, the precise location of
the DNAPL is unknown; thetefore, SVE can be used to
remediate the general areas where the presence of DNAPL is
suspected. Removal of DNAPL by SVE is not expected to be
as rapid as direct removal of the pure phase compound. One
advantage of SVE howaevaer, is that the preciss location of the
DNAPL need not be known.

Important parameters influencing the efficacy of SVE concam
both the DNAPL and porous media. Porous madia snecific

parameters include: soil permeability, porosity, organié carbon,

moisture, structure, and particle size distribution. DNAPL
specific paramaeters include: vapor pressure, Henry's constant,
solubility, adsorption equilibrium, density, and viscosity (20).
Thase parameters and their relationships must be evaluated
on a site specific basis when considering the feasibility of
vacuum extraction and a practical approach to the design,
construction, and operation of venting systems (22).
Additionally, soil gas surveys which delinsate vapor

" concantration as a function of depth is critical in locating the

contaminam source and designing an SVE system.

Historically, SVE has been usad to removs volatile compounds
from the soil. Recently i has been observed that SVE
enhances the biodegradation of volatile and semivolatile
organic compounds in the subsurface. While SVE removes
volatile components from the subsurface, & aleo aids in
supplying oxygen to biological degradation procasses in the
unsaturaied zone. Prior to soil vertting, it was believed that
biodegradation in the unsaturated zone was imited due to
inadequale concentrations of cxygen (17). In a field study
where soil venting was used to recover jet fuel, ¥ was cbserved
that approximatsly 15% of the comtaminant removal was from
the resuft of microbial degradation. Enhanced asrobic
bindegradation during SVE incrsases the cost effectiveness of
the technoiogy dus to the reduction in the required sbove
ground treatment.

Vacuum axtraction is one form of pump and treat which occurs
in the saturated zone whers the fluid is a gas moaure.
Therefora, many of the same limitations 10 ground water pump
and traat are aisoc appiicable 10 vacuum extraction. While the
applicaion of vacuum extraction is conceptually simple, its
success depends on understanding compiex subsuriace



Figure 2. Vescuum extraction of DNAPL voistile components
In the unsatursisd 2one. As shown hera, vapors are
tresisd by thermal combustion or carbon sdsorp-
tion and the air ls discharged io the atmosphere.

chemical, physical, and biological processas which provide
insight imo factors limiting its performances (9).

Blodegradation

The potential for biodegradation of immiscble hydrocarbon is
highty iimned for several reasons. First, pure phase
hydrocarbon liquid is a highly hostile enviconment 1o the
survival of most microorganisms. Secondly, the basc
requirements for microbiclogical proiiferation (nutrients,
eleciron acceptor, pH, moisture, osmotic potential, ete.) is
difficult { not impossible 10 defiver or maimain in the DNAPL. A
mapor limnation to aerobic bioremediation of high
concentratigns of hydrocarbon is the inability to deliver
sutficent oxygen. A feasible remediation approach at sites
where immiscible hydrocarbon is present is a phased
technology approach. initial efforts shouid focus on pure phase
hydrocarbon recovery to minimize further migration and to
decrease the voiume of NAPL raquiring remediation.

Foilowing NAPL recovery, other technologies couid be phased
o the remediation effort. Bioremediation may be one such
technology that could be utiized to further reducs the mass of
cormaminants at the ste. NAPL recovery preceding
bioremediation will inprove bicremediation feasiiity by
reducing the 1oxicity, lime, resources, and labor.

Similar to other remediation techmoiogies, a comprehensive
feasibility study evaiuating the potential effectiveness of
bioremediation s critical and must be evaluated on a site
speciiic bass. A comprehensive review of biodegradation of
surface soils, ground water, and subsoils of wood preserving
wastes, Lo. PAH's (29,.37,51,62.63) are available. A
comprehensive review of microdbial decomposition of
chionnatad aromatic compounds is aiso available (58).
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Soll Flushing

Sall flushing utilizing surtactants is a technology that was
developed years ago as a methad 10 enhance oi recovery in
the pstroleum industry. This lechnology is new 10 the
hazardous waste arena and available nformation has mainly
been generated from laboratory studies. Surfactant soll
flushing can proceed on two distinctly differernt mechanistic
leveis: enhanced dissoiution of adsorbed and dissoived phase
comaminants, and displacement of free-phass nonaquecus
contaminants. Thesa two mechanisms may occur
simuitansously during 3od flushing (42).

Surfactants, akafis, and poiymers are chemicals used o
modify the pore-level physical forces responsiie for
immobilizing DNAPL. in briel, surfactants and akafis reduce
the surface tension between the DNAPL and water which
increases the mobility. Polymers are added 1 increase the
viscosity of the flushing fluid 1o minimize the fingering stiects
and 10 mairtain hydraulic control and improve flushing
sificiency. Based on successiu! laboratory optimization studies
where an akali-polymer-surfactant mixture was used, field
studies were conducted on DNAPL (crecosote) which resulied
in recovery of 94% of the onginal DNAPL (42). Laborsiory
ressarch has aiso been conducted which indicated that
aqueous surfactants resultad in orders of magnitude greater
removal efficiency of adsorbed and dissoived phase

conmaminants than water flushing (55).

Depth to confzmnation, DNAPL distribution, permeability;
heterogeneitias, 58/wter incompatibility, permeabiity
reduction, and chemical retention are important factors when
considering soi flushing (42). Prior to this technology being
cost effective in the field, surfactant recycling will be necessary
10 optimze surfactant use (SS). Soiﬂushlng namphxtmma
physical and chemical poirtt of view:; is relxtively untested in the
field; and will [ikely be challenged reguistorily. Considerable
research cumrently being conducted in this area may result in
the increased use of this technoiogy to improve DNAPL
recovery in the future.

Thermai methods of soil flushing invoive injecting hot watsr or
steam in an effort 1o mobilize the NAPL. The sievated
temperature increases volatilization and solubiiization and
dacreases viscosity and density. A cold-waier cap is usad 0
prevent volatilzation. The mobie phasss of the DNAPL are
then recovered using a secondary approach, i.e. pumpng,
vacuum extraction exc. This approach (Comtained Recovery of
Olly Wastes) to enhance rscovery of DNAPL is currently under
EPA's Supsrfund innovative Technology Evaluation Program
and a pilot-scale demonstration is forthcoming (21). A
imitation in the use of thermal methods is that the DNAPL may
be converted to LNAPL due to density changes (36). The
adverss effects from this are that the DNAPL, existing as a thin
layer, becomes buoyant and mobilizes vertically resulting in a
wider dispersal of the contaminant. Other imitations invoive
the high enerngy custs assacizied with the elevated waier
tamperature and the heat ioss in the formation (36).

Physical Barriers

Physical bamriers may be used (0 prevent the migration of
DNAPL's in the subsutfice and are typicaily used in
conjuncton with other recovery means. One feature of physical

-yt



bamers & the hydraulic control it offers providing the
ooponunity 1o 10CUs reMedation Strateges in reaument celis.
Unfortunately. physcal bamers, while saisfactoly in tenms of
ground waier comrol and comainment of dissolved-phase
plumas, may comain smail gaps or discontinutties which could
perma sscape of DNAPL (7). Chemical compatibility between
phiysical bamers and construction maierial must agree 1o
nsure the physical integrity of the barner. The hiszory of the
periormancs of these containment lechnoiogies is poorty
documented and & mainly offered hete for complatensss of
review. A more compiste review of thess physical barmers s
avaiable (5,55).

Sheet piling involves driving lengths of steel that connect
ogether into the ground 1o form an impenmaabie barmer 1©
taeral migration of DNAPL Ideally, the bottom of the sheet pile
shouid be parually driven into an impsrmeabie layer ©
compiete the seal. Slurry walis invoive construction of a trench
which is backfilled with an impermeabile siurty (bentonite)
maxture. Grouting is a2 procass where an impenmaeable mxture
B ether injecied into the ground or is pumped into a saries of
interconnected boreholes which together form an impsmmeadie
boundary. Again, the main feature of thess techniques 8 10
physicaily isolate the DNAPL.

In summary, site characterzation and remediation options for
stes comaining DNAPL are limited. Fieid daza from sae
characterization and remediation efforis are aiso iimied. This
is targely dus 10 the complexity of DNAPL transport and {ate in
the subsuriace, poony deveioped techniQues Cunery

" uvailable 10 observe and predict DNAPL i the subsurisce, and
W e 1aa tnat this ssue has not been widely recognized untl
recertly. Clearly, there is a growing realization within the
soentiic and reguiaiory community that DNAPL is a significant
factor in limiting ste remediation. Correspondingly, current
research etforts wrhin the private, industrial, and publc sectors
are focusing on both the fundamenmtais and applicxtions
aspects of DNAPL{ behavior in subsurface systems.
Addrionally, the number of field investigations reflecting an
increased awareness of DNAPLs, is growing.

DNAPL Modeling

A modaling overview report identified nineteen (numerc and
anantuc) muttiphase flow modeis which are currently available
(60). Most of thase modais were deveioped for salt water
wmrusion, LNAPL transport, and heat flow. Four modsis are -
qualtatively described as immiscible flow models but do not
speciiically indicate DNAPL. A mors recent model has been
deveicoed which simulates density driven, three phase fiow,
that s capable of modeling DNAPL transport (23). Presemdy,
very iittle information is available on ONAPL modeling in the
sasntiic literatura,

Mukivhase flow modeiing invoives modeling systems where
more than one cominuous fluid phass (NAPL, waier, gaseous)
is presant. Modeling any subsurface system requires a
concectual understanding of the chemical, physical, and
bologcai processes occurring at the site. Modeling of
simultansous flow of mare than one fluid phass reguires a
conceptual understanding of the fluids and the reiaionship
betwean the fluid phases. The significance of multiphasa flow
over single phasa flow & the increased complaxity of fluid flow
and tha aoditional data requiremaents necsssary for modeling.

18

As presentad sariier, numerous vanables strongty irflusnce
DNAPL transcort and tate, ano conssquertly, the
mathematcal relxtonshp of thess vanabies is compiex.
Thereiore, & foliows that DNAPL modsling preserts paramount
technical challenges.

Presently, it is axceedingly difficult 1© obtain accurate field data
which quamiatively describes DNAPL transcorn and {ate
variables within reasonable economic constraints. DNAPL
transport is highly sensitive 10 subsuriace heterogeneities
(8.27.28) which compounds the complexity of modeling.
Heterogensities are, by nature, difficutt 1© denty ana quantify
and modeis are nat well equpped 10 accommadats the
influence of heterogeneities. Additionally, relative permeability
and capillary pressure functions must be quantified 1 identily
the reistionsivp between fluiis and between the fluids and the
porous media. Unfortunately, these parameters ars very
difficult to maasure, particularly in three phase systems. Prior
10 an investmant of ime and money 1o modal a given sie, a
caretul evaluation of the specific objectives and the confidence
of the input and anticipated output data shouid be performed.
This will help illuminate the costs, benefits, and therelore, the
relative vaiue of modeling in the Superfund decision making
procass.

in summary, DNAPL modeiing &t Superfund sites i presently
of limited use. This & mainly due 10: the fact that very ittle
imformation is avaiisbie in the scentific [termture 10 evaiuste
previous work; accurate and quantitative input data is sxpecied
o be costly; the sensitivity of DNAPL trane~== ¢z sibsuriace
heterogenetties; and, the difficulty in defiri.g the
heterogenettias in the field and reflecting those in a model.
However, multiphase flow models are valuabb as lsaming
tools.
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PROJECT HEALTH AND SAFETY PLAN AMENDMENT

AMENDMENT #: 1

PROJECT NAME: Waukecan Manufacturaed Gas and Coke Plant Site, Phase II Remedial
PROJECT NUMBER: 13/49-003 JSL 51
DATE: 04/03/93 ’

REASON FOR AMENDMENT:

This amendment updates the work zones, personal protective equipment, and
air monitoring instrumentation to be used for Phase II activities at the
wWaukegan Manufactured Gas and Coke Plant Site. It also includes the most recent
data available on chemical substances of concern.

AMENDMENT :

A, TASKS

The following is a revised list of activities Barr personnel will perform

on-site:

. Measure water levels in monitoring wells and at harbor well
. Survey boring and well locations

. Observe soil boring operations

. Observe monitoring well installations

. Observe monitoring well development

. Collect s0il samples

. Collect water samples from monitoring wells

s Perform headspace screening

. Conduct slug and pumping tests

. Collect water samples from surface water bodies

. Collect water samples from the water treatment unit

PSP\WAUK.AMD\LAH 1



B. WORK ZONES

Safety work zones will be established at each soil boring/monitoring well

installation. The hot zone will be the area within an approximate three-foot

radins of the borehole. The exclusion zone will be approximately equal to the

height of the equipment boom plus ten feet.

The contamination reduction zone

will be located upwind of activities whenever possible. Entrance and exit from

the exclusion zone will be done ohly through the contamination reduction zone.
FIGURE A-1-WORK AND EXCLUSION ZONES FOR DRILLING ACTIVITIES illustrates site

work zones.

C. POTENTIAL CHEMICAL HAZARDS ON-SITE

Tables A-1A through A-1D lists chemical substances of concern that have

been found on-site.

TABLE A-1A

VOLATILE ORGANIC COMPOUNDS OF CONCERN ON-SITE

VOLATILE ORGANIC

MAXIMUM CONCENTRATION
IN GROUNDWATER AND

MAXIMUM CONCENTRATION
IN SOIL AND SAMPLE

COMPOUNDS SAMPLE LOCATION (mg/L) LOCATION ng/kg) h
Benzene 1.5 (MW6D) 62 (T03W02)
Toluene 0.4 (MW6D) 140 (TT2303)
Ethylbenzene 0.1 (MW6D) 64 (TT2303)

Xylene

PSP\WAUK.AMD\LAR

0.2 (MW6D)

370 (TT2303)




TABLE A-1B

SEMIVOLATILE ORGANIC COMPOUNDS OF CONCERN ON-SITE

(less than naphthalene’s)

TA MAXIMUM
SEMIVOLATILE ORGANIC MAXIMUM CONCENTRATION IN
COMPOUNES CONCENTRATION IN GROUNDWATER AND
(vapor pressures yreater SOIL AND SAMPLE SAMPLE LOCATION
than naphthalene’s) LOCATION (mg/kg) {mg/L)
-
2-Methylphenol - 29 (TO3W02) 210 (MW3D)
4-Methylphenol 71 (TO3W02) 730 (MW3D)
2,4-Dimethylphenol 32 (TO3W02) 41 (MW4D)
Phenol 41 (TO03W02) 1500 (MW4D)
Naphthalene 3500 (TO3WO01l) NA
—
TABLE A-1C
LOW VAPOR PRESSURE PAH COMPOUNDS OF CONCERN ON-SITE
—
PAHs WITH VERY LOW VAPOR MAXIMUM CONCENTRATION IN
PRESSURES SOIL AND SAMPLE LOCATION

(mg/kg)

Acenaphthylene 300 (TO3wW02)
Acenaphthene 180 (TT0602)
Fluorene 280 (TO3W02)
Phenanthrene 3701 (X-1018)
Anthracene 200 (TO3W02)
Fluoranthene 370 (X-101S)
Pyrene 260 (X-1018)
Chrysene 160 (X-101S)

Benzo(b)Fluoranthene

73 (TO3W02)

Benzo(k)Fluoranthene

90 (TO3W02)

Benzo(a)Pyrene

90 (T03W02)

Benzo(a)Anthracene

150 (T03W02)

Indeno(l,2,3-c,d)Pyrene

35 (TO03wW02)

Benzo{g,h,i)Perylene

24 (T03W02)

Total cPAHs

700 (X-101S)

Total PAHs

5,000 (TTO3W02)

PSP\WAUK.AMD\LAH



D.

TABLE A-1D

METALS OF CONCERN ON-SITE -

mm
MAXIMUM MAXIMUM
CONCENTRATION IN CONCENTRATION IN
SOIL AND SAMFPLE GROUNDWATER AND
" LOCATION SAMPLE LOCATION
METALS —H97g) (mg/L) _ |
Arsenic 1,820 (TT0701) 27.1 MW4D 1
Aluminum 12,500 (SS09) NA
Antimony 73.5 {(TT0701) NA -
Cadmium 4.4 (TT1402) 0.051 MW4D -
Chromium 25.5 (SS815) 0.040 MW1D
Cyanide 956 (TTO3W03) 0.71 MW4D
Lead 160 (X-105) 0.016 MWD
Mercury 58 (X-107) - NA
——
NA = Information not available

X-105 = Illinois EPA

X-107 = Illinois EPA
MW1D
MW3D

MWéD

T03W01 = BEC sample,
TO3W02 = BEC sample,
TT0602 = BEC sample,
TT0701 = BEC sample,
TT1402 = BEC sample,
TT2303 = BEC sample,

sample June 14, 1989. 3.5-4.5 feet

sample June 14, 1989,

March 13, 1992, 4
March 13, 199z, 3.

1-5 feet

= Barr Engineering Co. (BEC) sample, April 9, 1992
= BEC sample, April 7, 1992 o
MW4D = BEC sample, April 7, 1992
= BEC sample, April B, 1992

feet
5 feet

March 9, 1992, 4.5 feet

March 19, 1992, 4.
March 18, 1992, 4
March 19, 199%2, 4

SS09 = BEC sample, March 11, 1992, 2-4
SS15 = BEC sample, March 7, 1992, 2-4 feet

the following:

Inhalation of gases

PERSONAL PROTECTION LEVELS T

The potential routes of exposure to chemical substances

Inhalation of contaminated dust

5 feet
feet
feet
feet

Skin contact with contaminated soil or liquid -

Ingestion by transmitting contaminants to the

contact with contaminated solids and liquids

PSP\WAUK .AMD\LAH
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Personal protective equipment has been selected to protect against these

hazards and is described in TABLE A-2 - HAZARD GROUPS FOR PROJECT TASKS and

TABLE A-3 - PERSONAL PROTECTION LEVELS.

These levels may be modified by the

Barr Project Health and Safety Team Leader depending on specific site

conditions, equipmeht configuration, air monitoring and results and previous

experience.

1992 PHASP.

TABLE A-2

HAZARD GROUPS FOR PROJECT TASKS

Tables A-2 and A-3 supersede Tables 2-3 and 2-5 in the February

Equipment DECON Operations
» Observe steam cleaning of equipment

4
Site Preparation
= Reconnaissance
s Perform geophysical survey
Perform topographical survey
T _ B =
INTRUSIVE ACTIVITIES
Drilling
= Observe soil boring operations
X . . D2 D3 D4
« Observe monitoring well installation
« Observe monitoring well development -
Soil Sampling
e« Collect soil samples from soil borings D2 D3
« Perform headspace screening
Water Sampling
s Collect water samples from monitoring wells
« Conduct hydraulic conductivity tests D2 D3 D4
« Measure water levels in wells
s« Collect surface water s:ggles'
— 1]
DECORTAMINATION ACTIVITIES

Y - Normal Work Clothes
* - Special situation, see Amendment Secticn F.

PSP\WAUK.AMD\LAH S



TABLE A-3

PERSONAL PROTECTION LEVELS

GENERAL SAFETY EQUIPMENT
Hard Hat' R R R I r R R | ® R
Safety Glasses R R R R R R - -
Chemical Goggles/Face Shield 0 0 0 0 0 o] - -
Hearing Protection® - R R R R R R R R
==============--====--====--==$--= ========E====$
Steel-Toed Boots/Iinsulated Steel-Toed Boots R R R R
Chemical Resistant Steel-Toed Boots® -l o]l ool - Jo]of o
Boot Covers" - R R R - R R R
—_— — - —ﬁ
CLOTHING
Cotton Coveralls - 0 - - - 0 - -
Kleengard - R - - - R - -
Tyvek - 0 R - - 0 R -
Polz-Coated Tgek (taﬁd) - 0 0 R u | - [] Q R
RESPIRATORS
% Mask Respirator with HEPA/OVAG cartridges - - - - R R - -
Full Face - with GMC-H cartridge - - - - 0 0 R R
ELSA - 0 0 0 - 0
T e Ty _#
GLOVES 1
Inner Glove (Surgical) - R R - R
Outer Glove (Nitrile, necprene, monkey grip) - R R L - R
R = Required 0 = Optional - = Not Required

SPECIAL CONSIDERATIONS

(YHard hat not required in the absence of construction activities or
overhead physical hazards, unless required by the client.
Hearing protection is required during soil boring and monitoring well

installation.

IChemical resistant steel-toed boots may be used instead of steel-toed

leather boots and boot covers,

decontamination.

if water is available for boct

(“'Boot covers or chemical resistant steel-toed boots not required when
walking does not involve contact with contamination.

E. AIR MONITORING PROCEDURES

Air monitoring instrumentation that should be used for Phase II activities,

and the intervals of use are specified in TABLE A-3 - AIR MONITORING

INSTRUMENTATION REQUIRED ON-SITE.

Air monitoring will be conducted in the

breathing zone, and upwind and dowawind for comparison purposes.

PSP\WAUK.AMD\LAH



TABLE 1-3
AIR MONITORING INSTRUMENTATION REQUIRED ON-SITE

F. WATER SAFETY

Nonitorin?
Equipment Task
I, _ e T —
Organic Monitoring Well Installations <3 pom above Periodic Every hour
Vapor Soil Boring background « Level D (indicate renge
Analyzer Soil Sampling >3 ppm above of values)
Water Sampling - background (for 10
Surveying min.) = Level C
>S50 ppm = Leave site
and reassess
Detector tubes | Monitoring Well Installations None. Use data to Nourly when Each tube
for benzene, Soil Boring modify organic vapor OVA levels
phenol Soil Sampling action level >3 ppm
Thermo- Worn continuously while on NA NA NA
Luminescent site
Badge Lﬁ

Several surface water samples will be collected from Lake Michigan

offshore of the site and the city beach.

small boat.

collection.

Samples will be collected in a

There are no chemical hazards associated with the sample

to elevated coliform count.

When operating a boat, the following rules will apply:

All personnel

floatation devices (PFD)

. There will be two people in the boat at all times

The city beach has from time to time been closed to swimming due

in the boat will wear DOT approved personal

. If the boat is motor-powered, a set of paddles or oars shall also

be kept in the boat

. The maximum weight and occupancy capacity of the boat will not be
exceeded
. On-the-water operations will stop during inclement weather or high

wind conditions
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Since thefe is some probability that there may be an elevated coliform
concentration in the water, personnel should avoid contacting water with
their bare hand. Personnel should wash their hands thoroughly before eating

or drinking and when they return to the shore.

G. APPENDICES

The attached Appendices document supersedes any previous Appendices

issued for this project.
H. FIGURES

The attached figures supersede any figures referenced in the

February 1992 PHASP.
Amendment discussed with Project Manager on and approved.
X Amendment discussed with Project Industrial Hygienist on 04/12/93
and approved.
Preparer of Amendment ) Date
Barr Project Health and Safety Team Leader Date
NOTE: This Amendment form is to be used when there is a change in site

tasks not considered in this PHASP.

c: Project Safety File
Project Manager
Barr Health and Safety Manager
Project Industrial Hygienist
Barr Project Health & Safety Team Leader
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PROJECT HEALTH AND SAFETY PLAN AMENDMENT

AMENDMENT #: 2

PROJECT NAME: Waukegan Manufactured Gas and Coke Plant Sjite, Phase II
R :'. J I - ! I

PROJECT NUMBER: 13/49-003 JSL 51

DATE: 05/12/93

AMENDMENT SECTION: 1.3 Organization and Coordination

REASON FOR AMENDMENT: Change in project personnel.

AMENDMENT :
Project Manager: James R. Langseth
Project Health and Safety Team Leader: Karlene French
Alternate Project Health and Safety Team Leader: John Fox

Project Industrial Hygienist: Colin S. Brownlow

Amendment discussed with Project Manager on and approved.

Amendment discussed with Project Industrial Hygienist on
and approved.

’

Preparer of Amendment Date
Barr Project Health and Safety Team Leader Date
NOTE: This Amendment form is to be used when there is a change in site

tasks not considered in this PHASP.

c: Project Safety File
Project Manager
Barr Health and Safety Manager
Project Industrial Hygienist
Barr Project Health & Safety Team Leader
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PREVAILING WIND

RADIUS OF EXCLUSION/ DIRECTION
WORK ZONE = THE HEIGHT
OF THE EQUIPMENT BOOM + 10

HOT ZONE

(RADIUS OF HOT
ZONE =3' AROUND
THE BORE HOLE)

L~ CONTAMINATION
REDUCTION ZONE

Safety Work Zones to be Established at Each Boring/Monitoring
Well Installation.

Enter and Exit Exclusion Zone Only Through Contamination
Reduction Zone.

0 20 40
L ! 3

Approximate Scale in Feet

Figure a-1

WORK AND EXCLUSION ZONES
FOR DRILLING ACTIVITIES
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ATTACHMENT 8

PHASE II ANALYTICAL PARAMETERS FOR GROUNDWATER

Po ue

Naphthalene
2-Methylnaphthalene
Acenaphthylene
Acenaphthene
Dibenzofuran

Fluorene

Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b+k)fluoranthene
Benzo(a)pyrene
Indeno(1l,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene
Carbazole

Phenolic Compounds

Phenol

2-Chlorophenol

o-Cresol

p-Cresol

2-Nitrophenol

2,4-Dimethylphenol

4-Chloro-3-methylphenol

2,4,6-Trichlorophenol

2,4,5-Trichlorophenol

2,4-Dinitrophenol

4-Nitrophenol

2-Methyl-4,6-dinitrophenol
/ ?entachlorophenol

Inorganics
Arsenic (total, +III, +V)
Cadmium

Lead

Mercury

Selenium

Total ammonia

Total cyanide
Thiocyanate

Weak acid dissociable cyanide

Amenable cyanide

13\49\003\ATTACHS.RPT\CRS

Volatile Organic Compounds

Chloromethane
Bromomethane

Vinyl chloride
Chloroethane
Methylene chloride
Acetone

Carbon disulfide
1,1-Dichloroethylene
1,1-dichloroethane
1,2-Dichloroethylene
Chloroform
1,2-Dichloroethane
Methyl ethyl ketone
1,1,1-Trichloroethane
Carbon tetrachloride
Bromodichloromethane
1,2-Dichloropropane
cis-1,3-Dichloro-1-propene
Trichlorcethylene
Chlorodibromomethane
1,1,2-Trichloroethane
trans-1, 3-Dichloro-l-propene
Bromoform

Methyl isobutyl ketone
2-Hexanone
Tetrachloroethylene
1,1,2,2~-Tetrachloroethane
Chlorocbenzene

Styrene

Benzene

Ethyl benzene

Toluene

Xylenes

June 15, 1993
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PURPOSE:
RESPONSIBILITIES:

EQUIPMENT/MATERIALS:

PROCEDURES:

i

DOCUMENTATION:

ATTACHMENT 9

REVISED ATTACHMENT 4A
(Revised June 14, 1993)

STANDARD OPERATING PROCEDURE
FOR THE
FIELD MEASUREMENT OF SOIL pH

The purpose is to describe the method by which pH
measurements on soil samples will be made and documented
in the field.

The soil samplers are responsible for making and
documenting the field soil pH measurements.

Orion Research Model 407A pH meter or equivalent pH meter
Paper cups (unwaxed)

Wooden tongue depressors

Distilled water

1. The pH meter will be calibrated according to
manufacturer’'s recommendations using pH standard
solutions. (See Attachment 5A of the October 1991
Field Sampling Plan.)

2. As soon as possible after sampler retrieval, place a
tablespoon of soil in a clean paper cup.

3. Add an equal amount of distilled water to the soil.

4. Stir the suspension several times with the wooden
tongue depressor.

5. Place pH meter probe into the suspension.

6. Wait for meter reading to stabilize as directed by
the manufacturer of the meter.

7. Rinse probe with a trisodium phosphate and water
solution and then with deionized water.

pE values of samples will be written down on the field
data sheet for the samples from each boring. The results
will be reported as "soil pH measured in water.”
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